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PHYSIOMORPHOLOGICAL RESPONSE OF MUSTARD AND 
LINSEED 
Ms. Afroza Akhtar 
Abstract of the thesis, submitted to the Aligarh Muslim 
University, Aligarh, India for the degree of Doctor of Philosophy 
in Botany 2002. 
Six pot trials based on simple randomised design (CRBD) 
were conducted at Aligarh (India) during the rabi seasons of 1998-
2001, to test the suitability of thermal power plant discharged 
wastewater for cultivation of mustard and linseed. These were 
irrigated with wastewater and ground water and supplemented with 
different doses of nitrogen and phosphorus along with a uniform 
dose of potassium. The data on analysis were mostly found 
significant. 
Experiment 1 and 11 were conducted (1998-99) to study the 
comparative effect of wastewater and ground water on growth, 
physiological parameters (Experiment 1), leaf NPK contents, yield 
and seed quality of mustard and linseed grown under four levels of 
nitrogen viz.. No, N40, Neo, Ngo for mustard and No, N45, Ngg, N90 
for linseed along with a uniform basal dose of phosphorus and 
potassium applied at the rate of 30kg/ha each. 
Except for specific leaf area, wastewater proved superior 
over ground water in both experiments, enhancing almost all 
growth and yield parameters. Leaf NPK contents, photosynthetic 
rate, photosynthetic water use efficiency and also oil content was 
more in wastewater grown plants. However, wastewater in general 
recorded lower iodine, acid and saponification values as compared 
to ground water. As already mentioned in Chapter 5 of the thesis 
that low acid and iodine value is good for mustard from 
commercial point of view. 
In Experiments I and II, the treatments WWNgo and WWN90 
respectively proved best. However, these treatments adversely 
affected the oil content. Also, specific leaf area showed a negative 
trend towards fertilizer application and was maximum in ground 
water control. 
Experiments III and IV (1999-2000) were conducted to study 
the comparative utility of wastewater on the basis of growth, 
physiological parameters (Experiment III) leaf NPK contents, 
yield and quality of mustard and linseed grown with three levels 
each of nitrogen and phosphorus (No, N40, Ngo and Po, P30, Peo for 
mustard, No, N68, N90 and PQ, P30 and Peo for linseed) along with a 
uniform basal dose of potassium at the rate of 30kg/ha. 
Except for specific leaf area wastewater proved superior 
over ground water in enhancing almost all growth and yield 
parameters. It also significantly enhanced oil content. However, it 
recorded lower acid, iodine and saponification values, which is 
usually considered good as far as acid and iodine values in 
mustard oil are concerned. 
In Experiment III, WWNgoPeo proved best for almost all 
growth and yield parameters including seed and oil yield, but for 
oil content it proved detrimental. Also, specific leaf area was 
maximum in GWNQPO-
In Experiment IV, WWN68P60 proved superior giving higher 
seed and oil yield and also oil content. For iodine value, the above 
fertilizer dose (NegPeo) proved superior but along with ground 
water. Specific leaf area was maximum in GWNQPO treatment. 
Experiment V and VI (2000-2001) were conducted to test 
further the comparative effect of wastewater and ground water and 
of three nitrogen (Neg, N90 and N112) and two phosphorus doses 
(P30 and Peo) along with a uniform basal dose of potassium at the 
rate 30kg/ha on the performance of mustard and linseed 
respectively. 
In Experiment V, wastewater in general proved beneficial 
over ground water enhancing maximally almost all growth and 
yield parameters including seed and oil yield. Oil content was also 
maximally enhanced by wastewater irrigation. In Experiment VI, 
wastewater with lower fertilizer doses was equalled by treatments 
having ground water with comparatively higher fertilizer doses in 
recording maximum values for these parameters. However, oil 
yield was maximally enhanced by wastewater. Thus, here also, 
wastewater proved effective and economical over ground water for 
most of the growth and yield attributing parameters. 
In Experiment V, WWN112P30 and WWN90P60 proved 
optimum for most of the growth parameters, seed and oil yield. 
However, for oil content, maximum value was shared by 
treatments viz., WWNegPeo and WWNegPsoj contrary to these 
parameters, highest specific leaf area was recorded in the 
treatment GWNegPso-
In Experiment VI, treatments WWNegPeo, WWN90P30, 
GWN90P60 and GWN112P30 proved at par in recording maximum 
seed yield whereas for oil yield, WWNegPeo proved superior. 
Fertilizer dose NegPeo irrespective of irrigation water proved best 
for oil content. 
Regarding oil quality parameters, the data for iodine value 
and saponification value was non-significant in Experiment V and 
for iodine value in Experiment VI, GWNegPeo proved superior. 
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INTRODUCTION 
CHAPTER-1 
INTRODUCTION 
Water is a marvellous substance - flowing and swirling 
around obstacles in its way, seeping and trickling constantly while 
moving from land to water bodies and back again. It has unique 
qualities and wonderful properties and without water, life on earth 
would not be possible. It is the medium in which all of life's 
chemical reactions occur, and it is an active participant in many of 
these reactions. 
Water, either as liquid or as solid covers about 70% of our 
earth's surface. Therefore, the total amount of water on our planet 
is immense - more than 1,404 million cu km. However, major part 
of it is in oceans (97.6%) while about 2.0% is tied up in glaciers, 
ice caps and snow fields and the rest 0.4% is the only fresh water 
held in the ground as ground water or present as surface water in 
lakes, rivers, ponds and other water reservoirs (Cunningham and 
Saigo, 1995). 
Clean fresh water supplies have always been considered 
inexhaustible and only now it is understood that we will certainly 
exhaust our usable water supplies at least in some areas because of 
human as well as natural factors. Human factors that have affected 
water supplies include a steadily increasing demand of fresh water 
for use in agriculture, industries, home and for electricity 
generation. The last three uses have affected water quality in all 
the world's densely populated industrialized nations, including 
ours. 
In India, energy demand got intensified due to rapid 
industrialization and therefore increased dependence on coal fired 
electricity generation which provides about 65% of the total 
electricity generated in India with the help of more than 80 
thermal power plants dumping large quantities of leachates 
annually in their surroundings. 
Wastewater treatment processes developed in rich and 
technologically advanced countries, which utilize highly 
mechanised or energy consuming plants are neither appropriate nor 
financially justifiable in developing countries like India. The 
development of simple, low cost processes coupled with reuse of 
effluents in agriculture, therefore, offer the most suitable solution, 
conserving the water resources and nutrient components of 
wastewater. 
Fertilizer application is one of the important factors 
controlling crop yield and quality. With the application of 
fertilizers and ameliorative additives, crop yield has been 
improved considerably. However, greenhouse and field studies 
have revealed that indiscriminate use of fertilizers may prove 
uneconomical or sometimes even harmful. This has compelled the 
farmers to switch-over to other sources of nutrients, including use 
of municipal and industrial wastewater. Increasing prices of 
commercial fertilizers as well as problems associated with 
wastewater disposal have also made it increasingly attractive for 
agriculture. The farmers of today are, therefore, readily willing to 
opt for greater use of wastewater as this could adequately meet the 
twin objectives of nutrition and irrigation. 
Earlier researchers have demonstrated the essentiality of 16 
elements for the normal growth and development of most plants. 
These include H, C, O, N, K, Ca, Mg, P, S, CI, Fe, B, Mn, Zn, Cu 
and Mo. More recently, Ni was added to the list of essential 
elements (Dalton et al., 1988). Although each essential plant 
nutrient plays some specific roles, N, P and K have been found to 
be the most effective in promoting crop yields. 
Nitrogen is a constituent of many important molecules 
including proteins, nucleic acids, certain hormones and 
chlorophyll. An adequate supply of nitrogen is associated with 
vigorous vegetative growth while phosphorus stands second in 
order of requirement by crops. It is found largely as phosphate 
esters including the sugar - phosphate ATP that plays such an 
important role in photosynthesis and intermediary metabolism 
(Hopkins, 1995). It influences the vigour of plants and improves 
the quality of crops (Patnaik, 1980). On the other hand, potassium 
activates a number of enzymes, notably those involved in 
photosynthesis and respiration. Starch and protein synthesis are 
also affected by potassium. 
India is mainly an agricultural country and oilseeds occupy 
an important position in agriculture. The important oil seed crops 
grown in India include mustard, linseed, groundnut, castor, rape 
seed, niger seed, safflower, sesame, soybean and sunflower 
(Samba Murty and Subrahmanyam, 1989). 
Ironically speaking, India produces only about 7% of 
world's edible oil with about 35% of the world 's area under oil 
seed cultivation, to feed about 16% of the total world's population 
(Mobin, 1995). This shortage of oil seeds due to low productivity 
has driven the country to the abyss of scarcity. Therefore, to meet 
the daily requirement, India has to import edible oil every year on 
large scale, which causes considerable burden on our already 
limited foreign exchange reserves. 
Low productivity of oil seeds in general and of linseed and 
mustard in particular, is due to several factors. These may be 
summarized as (i) more than 75% of the Indian farmers own small 
or marginal holdings of less than two hectares of land (ii) only 
15% of the area under oil seeds is under irrigation compared to 
72% under wheat and 44% under rice (iii) most farmers are 
ignorant of the technique of cultivation of high yielding varieties, 
post harvest technology and proper processing facilities (iv) pests 
and diseases reduce the yields further as oil seeds are more prone 
to these (v) out of 100 flowers produced, about 68 develop into 
pods (vi) prevalent low temperature adversely affects flower bud 
development and thereby lowers seed yield and (vii) most farmers 
lack knowledge of the precise dose of fertilizers recommended by 
the agriculture department for a particular cultivar and region. 
Further, it has been well established that even species of a genus 
differ, in their ability to fully utilise inputs, including nutrients, 
under the same environmental conditions (Millikan, 1961; Evans 
and Sorger, 1966). 
The importance of linseed (L. usitatissimum L.) in industry 
is well recognized as its seeds have a high content of oil (35-44%) 
and it also furnishes good quality fibre. More recently, however, a 
low linolenic acid containing cultivar has been developed for 
edible purposes (Green, 1986). The linseed oil is mainly used in 
the linoleum, paint, printers ink, soft soap and varnish industry 
(Hill, 1952). The fibre is used in the manufacture of canvas, 
coatings, durries, shirting and strong twines. The woody matter 
left after extraction is converted into pulp for manufacture of 
paper. (Samba Murty and Subrahmanyam, 1989). Its oil cake left 
after extraction of oil is a valuable cattle feed as well as manure. 
Under the name rape seed and mustard, several oil seeds 
belonging to the family Crucifereae (Brassicaceae) are grown in 
India. They are generally divided into four groups. 
1. Rai (Raya or Laha) - Brassica juncea (L.) Czern & Coss. 
2. Sarson 
(i) Yellow sarson - Brassica campestris (L.), var. sarson Prain 
(ii) Brown sarson - Brassica campestris (L.) var. dichotoma 
Watt. 
3. Toria (Lahi or Maghi Labi) - Brassica campestris (L.) var. 
toria Duth 
4. Taramira or Tara - Eruca sativa Lam. 
In trade, sarson, toria and taramira are known as rape seed 
and rai as mustard. 
Historically, for human consumption, vegetable oil is 
obtained from Brassica species whose cultivation was primarily 
confined to Northern India and China. The cultivation of Brassica 
juncea (L.) Czern & Coss. in these countries dates back to 
approximately 1500 B.C. On the Indian subcontinent, Brassica 
juncea is the dominant species grown due to high content of oil in 
its seed (Prakash, 1980). It is also well adapted to drier conditions 
and is relatively fast maturing. The oil content of the seed of 
different forms varies from 30 to 48 per cent. The seed and oil are 
used as condiment in the preparation of pickles and for flavouring 
curries and vegetables (as a medium for cooking). The oil cake is 
mostly used as a cattle feed, especially in Uttar Pradesh (where 
Aligarh is situated) and Punjab. The leaves of young plants are 
consumed as green vegetable. The use of mustard oil for industrial 
purposes is rather limited on account of its high cost. 
In view of the beneficial effect of wastewater in augmenting 
crop productivity and the importance of oil crops, the present 
author decided to study the impact of irrigation with wastewater, 
generated from a thermal power plant, in relation to nutrient 
requirement of mustard and linseed. The following six pot 
experiments were therefore conducted to compare its efficacy with 
that of ground water. 
(i) To study the effect of wastewater and ground water on 
mustard {Brassica juncea L.) cv Alankar grown with four 
nitrogen treatments applied basally along with a uniform dose 
of phosphorus and potassium. 
(ii) To study the effect of wastewater and ground water on linseed 
{Linum usitatissimum L.) cv. Neelam grown with four nitrogen 
treatments applied basally along with a uniform dose of 
phosphorus and potassium. 
(iii) To study the effect of wastewater and ground water on 
mustard {Brassica juncea L.) cv. Alankar under five nitrogen 
and phosphorus treatments applied basally along with a 
uniform dose of potassium. 
(iv) To study the effect of wastewater and ground water on linseed 
{Linum usitatissimum L.) cv. Neelam under five nitrogen and 
phosphorus treatments applied basally along with a uniform 
dose of potassium. 
(v) To study the effect of wastewater and ground water on 
mustard {Brassica juncea L.) cv. Alankar under six nitrogen 
and phosphorus treatments applied basally along with a 
uniform dose of potassium. 
(vi) To study the effect of wastewater and ground water on linseed 
{Linum usitatissimum L.) cv. Neelam under six nitrogen and 
phosphorus treatments applied basally along with a uniform 
dose of potassium. 
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CHAPTER - 2 
REVIEW OF LITERATURE 
2.1 Effect of wastewater on plants 
Out of many uses of water, its application for agricultural 
purposes ranks top in priority. However, it must be admitted 
that due to scarcity of fresh water and 70% of Indian population 
being dependent upon farming, the farmers have no option other 
than to grow their crops under rainfed conditions or use 
wastewater for agricultural as well as for horticultural purposes. 
Wastewater irrigation would not only solve the disposal 
problem but also serve as nutrient source to plants because most 
of the essential nutrients are present in various amounts in 
wastewater. 
The use of municipal and industrial wastewater for 
irrigation is well recognized (Steel and Beg, 1954) and has 
become an important part of industrial and sewage wastewater 
disposal programmes. Such controlled use of wastewater can 
provide substantial ecological benefits and the development of 
low cost processes, coupled with this reuse of effluent in 
agriculture offers one of the most suitable options for managing 
wastewaters. 
Much work has been done on various kinds of industrial 
effluents, and municipal sewage wastewater which will not be 
included here, to study the effect on various crop plants but 
limited work has been done on the effect of thermal power plant 
effluent in relation to crop plants as will be evident from the 
review given below. 
While studying the influence of industrial and mineral 
wastes in a field experiment conducted on acidic soil of Nilgiris 
(Tamil Nadu, India), Muthuswamy et al. (1977) reported that 
percentage of crude protein in potato tubers {Solarium 
tuberosum) that ranged from 9.78 to 14.19 was found to be 
significantly enhanced by application of floatation sludge and 
aglime which were at par. They also found that the dry matter 
content of potato ranging from 19.35 - 23.88% was not 
influenced much by waste materials tested in the trial. 
Sutton et al. (1978) at W. Lafayette (USA), applied liquid 
swine waste to study its effect on corn {Zea mays) yield. They 
reported that, compared to check plot, yields were higher from 
plots treated with wastes and inorganic fertilizers (168kg N/ha, 
56kg P/ha, 112kg K/ha) and with increasing rates of waste 
application upto 90 t/ha, corn yields increased and then it 
levelled off. They also reported that N, P and K concentration in 
corn ear and leaf tissue increased with waste application. 
Palazzo and Jenkins (1979) at Hanover (USA), studied the 
effect of land application of wastewater on soil and plant 
potassium content. They observed that the wastewater contained 
more than twice as much nitrogen as potassium and the plant 
removal of potassium increased as the amount of nitrogen 
applied or removed by the forage increased. It was further noted 
that potassium fertilization increased the concentration of this 
element in plants. 
While working on the effects of refinery wastewater (rich 
in NH3, H2S, oil and phenol) and the single effect of its major 
pollutants on commercially grown crops, Al-Nakshabandi et al. 
(1980) found that germination in corn {Zea mays), barley 
(Hordeum vulgare) and alfalfa {Medicago sativa) was not 
affected by crude wastewater, on the other hand radish was 
affected. They reported that growth of crops under all 
treatments exceeded the growth of the control. They also 
reported that all crops tolerated all types and concentrations of 
pollutants in the formulated irrigation water and crude 
wastewater from the refinery, except unusually higher pollutant 
concentration of the crude wastewater. 
Greene et al. (1980) at Laramie, under high altitude 
conditions, studied the impact of cheese plant effluent on some 
forage crops and reported that the effluent did not contain 
compounds, which significantly inhibited the growth of forage 
species, and twenty forage species were established at land 
disposal site. 
Reddy et al. (1981) at Hyderabad (India) conducted 
exhaustive experiments on sugar cane (Saccharum officinarum) 
separately with fresh water and effluent from an integrated pulp 
and paper mill. It was observed that wastewater could be used 
successfully for irrigation of sugar cane, especially on acidic 
coarse textured sandy loam soils, with about 20% increase in 
sugar cane yield without affecting the quality of cane as well as 
the soil. They concluded that irrigation with effluent offers an 
alternative to grow high yielding variety of cane instead of 
drought resistant low yielding variety commonly grown in the 
area. 
Singh (1981) at Muzaffarnagar (India) investigated the 
effect of paper mill wastewater on seed germination percentage, 
speed of germination index and seedling growth of pea (Pisum 
sativum ) var. T-163 and lentil (Lens esculenta) var. L9-12. 
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Seeds were soaked in different concentrations of the wastewater 
for a period of 4 and 8 hours. It was observed that in higher 
concentration and long soaking treatments, the percentage of 
germination, speed of germination index and seedling growth 
was markedly affected. 
In the year 1985, also at Muzaffarnagar (India), Singh et 
al. studied the effect of sugar mill and distillery wastewater on 
seed germination and seedling growth of three varieties of rice 
{Oryza sativa) namely cauvery, jaya and ratna. They observed 
that best seedling growth and 100% germination occurred under 
10% wastewater concentration. A continuous decrease in 
germination percentage, speed of germination index, seedling 
height and seedling biomass was observed with the 
concentrations more than 10%. They also found that var. 
cauvery was more tolerant to ill effect of the effluent than the 
other two varieties. 
Murty and Raju (1982), at Waltair (India), studied the 
effect of different concentrations of alum factory effluent on 
seed germination and seedling growth of rice {Oryza sativa) 
green gram (Vigna radiata) and mustard {Brassica juncea). The 
effluent was highly acidic with high amounts of dissolved 
solids, aluminium, iron and sulphate ions. They reported that in 
the rice, at 25% and 50% concentrations, shoot inhibition was 
comparatively less than root inhibition. Further inhibition of 
shoot growth and total inhibition of radicle emergence were 
observed at 75% and 100% concentrations. In green gram, shoot 
inhibition was more than root inhibition at 25% concentration. 
At 50% concentration, growth of both these organs was 
drastically inhibited. At 75% and 100% concentrations, total 
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inhibition of shoot and further inhibition of root was noticed. In 
mustard, even at 25% concentration, there was a severe 
inhibition in both shoot and root growth. At 50% concentration, 
further reduction in growth of shoot and root was recorded. At 
75% and 100% concentrations complete inhibition of shoot and 
further reduction in root growth was observed. Both field and 
laboratory experiments were conducted by Murty and Raju 
(1983) at Waltair (India) to evaluate the effect of alum factory 
effluent on finger millet {Eleusine coracana). Laboratory 
studies using ammonium alum effluent water and potassium 
alum showed a reduction in percentage germination, root and 
shoot growth. Field experiment with effluent water revealed 
stimulation of growth in the above ground parts at low 
concentration followed by a reduction together with overhead 
abnormalities at high concentrations. 
Ajmal and Khan (1983) at Aligarh (U.P., India) studied 
the effect of four concentrations (100, 75, 50 and 25%) of sugar 
factory wastewater from Aligarh and Bulandshahar on soil and 
crop plants viz., kidney bean {Phaseolus aureus) and pearl 
millet {Pennisetum typhoides) and observed that germination 
was 100% in the water-irrigated soil, while it was between 99% 
and 9 1 % in other concentrations of the effluent. The water-
irrigated and 25% effluent irrigated soils were found most 
suitable for germination. They suggested that the sugar factory 
effluent may be used for irrigation after proper dilution. Ajmal 
and Khan (1984a) at Aligarh (India) while studying the effect of 
effluent from Mohan Meakin Breweries Ltd, Ghaziabad, India 
(MMBL) on wheat {Triticum aestivum) and pea (Pisum sativum) 
crops, reported that when 100% effluent was used, germination 
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in pea and wheat seeds was restricted to 80 and 90% 
respectively but with 50 and 25% effluent, germination was 
quick. Growth of plants was restricted when 100% effluent was 
used while 50% effluent proved beneficial for it. They in the 
same year (1984b) applied four different concentrations i.e. 
25%, 50%, 75%) and 100%) of vegetable ghee manufacturing 
effluent to pea (Pisum sativum) and mustard {Brassica Juncea) 
seeds. They observed that germination of pea and mustard seeds 
was delayed and restricted to 90%) of normal when undiluted 
effluent was used for irrigation. Whereas germination was 
normal with other effluent concentrations. Undiluted effluent 
inhibited the growth of plants whereas growth was enhanced at 
75% effluent. They were of the opinion that this concentration 
is suitable and can cover some of the requirements at nutrient 
level. Similarly, Ajmal et al. (1984) maintaining the same 
concentrations with Glaxo Laboratory India Ltd. effluent 
(GLLE) studied the effect on kidney bean (Phaseolus aureus) 
and pearl millet {Pennisetum typhoides) using water irrigation 
as control. The undiluted GLLE checked the germination in 
kidney bean to some extent while in pearl millet it was 
beneficial and 75% effluent in pearl millet and 25% in kidney 
bean enhanced the height of plants whereas 100% GLLE 
retarded the height of plants of both crops. In 1985a, Ajmal and 
Khan studied the effect of various concentrations (25, 50, 75 
and 100%) of Modi Textile Factory effluent Modinagar, U.P. 
(India) on kidney beans (Phaseolus aureus) and lady's finger 
(Abelmoschus esculentus). They observed a constant and gradual 
increase in Na* content of plants with increase in effluent 
concentration. They also reported that in plants grown in 50% 
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effluent, the concentration of K"^ , Ca^ "^ , Mg^ "^  was highest 
followed by 25%, 75% and 100%. The higher concentration viz., 
100% and 75% effluent inhibited and delayed the germination 
but was normal with other concentrations. As compared to water 
(control), undiluted and 75% effluent retarded the growth of 
plants whereas 50% effluent enhanced it. In another experiment 
(1985b), Ajmal and Khan, applied different concentrations (0.1, 
0.2, 0.4, 0.6, 0.8, 1.0, 1.5, 2.0, 2.5, 3.0 and 4.0) of 
electroplating factory effluent to hyacinth beans (Dolichos 
lablab) and mustard seeds {Brassica campestris). They observed 
that the germination of seeds was delayed with increase of 
effluent concentrations. Germination of mustard seeds was 
totally inhibited at 1.5% effluent concentration. The metal 
content in the hyacinth bean plants increased with increasing 
effluent concentration but after 1.0% effluent concentration, the 
concentration of all the metals (Ca, Mg, Na, K, Cu, Zn, Fe) 
decreased in plants except Cr which increased throughout, while 
Cd, Ni, Co, Mn and Pb were not detectable in hyacinth bean 
plants. 
Goel and Mandavekar (1983) at Karad (India) observed 
that cluster bean {Cyamopsis tetragonoloba), if irrigated with 
10% distillery wastewater recorded more nodulation. It was 
further observed that higher concentration of distillery waste 
increased the salt content and organic matter in the soil. Thus, 
suppressing the nodulation but in such conditions more nitrogen 
was absorbed by the plants. Shinde and Trivedy also at Karad 
(India), during the same year, studied the effect of distillery 
wastewater irrigation on various characteristics of one 
vegetable, lady's finger {Abelmoschus esculentus) and one 
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cereal^ corn {Zea mays). They reported that germination was 
inhibited and seedling height and dry matter production of 
lady's finger and corn were adversely affected at concentration 
more than 25%. However, 10% of wastewater proved beneficial. 
While reduction in root length was observed with all dilutions. 
They also reported that corn was more tolerant to distillery 
waste than lady's finger. 
Hanks et al. (1984) used saline wastewater from electric 
power plant Huntington (USA), for the purpose of irrigation. 
They observed no noticeable decrease in yield for forage crops 
as a result of irrigation with salty water as compared to normal 
fresh water for the first six years. They reported that decrease in 
crop yield was not noticed until the third year of the study, 
however corn {Zea mays), wheat (Triticum aestivum) and barley 
(Hordeum vulgare) have shown decreasing yields since the third 
year. 
Satterthwaite and Longnecter (1984) in USA, sprayed 
treated effluent on a golf course and two other vegetated areas. 
The effluent provided not only irrigation water but also nitrogen 
and other nutrients. Moreover, utilizing the sprayed effluent in 
this way helped in recharging the ground water and reduced the 
demand for irrigation water from the treated water which 
supplied fresh water for the city. 
Somashekar et al. (1984) at Banglore (India) applied 
effluents discharged from various industries (paper factory, 
automobile industry, textile factory and paper industry) for 
studying its effect on seed germination and seedling growth and 
found that paper mills effluent almost completely inhibited the 
germination of paddy seeds (O. sativa) even at 25% 
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concentration. While inhibition of germination was 31.18%, 
37.5% and 82.19% respectively in case of jowar {H. vulgare), 
bajra (P. typhoides) and paddy seeds {Oryza sativa) when 100% 
effluent was used. They also reported that effluents of other 
industries studied in this trial were more or less similar in their 
effect on the parameters taken into account. The vigour index of 
the seedlings of all the three crop plants increased as the 
effluent concentration decreased, and it was significantly poor 
in undiluted effluent. In another experiment, Somashekar et al. 
(1992) studied the effect of effluent from distillery industry on 
germination and growth of cow pea (Vigna sinensis) and 
fenugreek (Trigonella foenum-graecum). They reported that with 
increase in effluent concentration, the germination percentage 
decreased, but was not completely suppressed. At 10% 
concentration, 80% of cowpea seeds germinated, while 53% 
germinated at 100% concentration against 89% recorded for the 
control. Against 93% germination observed for control, only 
65% of seeds of fenugreek germinated at 100% concentration. 
With increase in concentration of effluent, relative survival 
percentage also decreased. They also reported that as compared 
to fenugreek, plants of cowpea absorbed more of calcium, 
potassium and manganese whereas, boron was absorbed in great 
amounts by fenugreek as compared to cowpea and almost same 
amount of phosphorus, magnesium and iron was absorbed by 
both plants. They also reported that at lowest concentration of 
effluent, shoot and root lengths recorded were closer to control 
values and around 49.9% and 59.9% shoot and root inhibition 
respectively was recorded for cowpea at 100% concentration. In 
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case of fenugreek percentage shoot inhibition was more than 
root inhibition. 
Stirban et al. (1984) at Cluj-Napoca studied various 
dilutions of wastewater rich in nitrogen obtained from a 
fertilizer factory and applied to maize {Zea mays) plant. It 
increased the protein and lipid contents of the grains as well as 
grain yield and vegetative growth of hybrid HD-100. On the 
other hand, the hybrid HD-213 showed poor response. They 
were of the opinion that the effect noted was due to the 
chemical composition, concentration of wastewater and the 
variety tested. Thus, the hybrid HD-100 showed an increase in 
vegetative growth and grain yield when increased concentration 
of urea free wastewater was applied. 
Stomberg et al. (1984) at Oregon (USA), applied tannery 
wastewater to Willamette silt soil (fine silty) for determining 
possible elemental toxicities of N availability to sweet corn 
{Zea mays). They observed increased yield in the year 1978 but 
not in 1979, however, leaf N, Mn and Zn and kernel Mn 
concentrations increased in both years with waste application. 
They also observed that leaf and kernel Cu and Cr concentration 
did not increased significantly with wastewater application and 
no metal toxicity symptoms were observed. 
An investigation was carried out by Behera and Misra 
(1985) at New Delhi (India), to study the enzyme activities of 
rice (Oryza sativa) cv. musoori seedlings using sugar mill 
effluent in relation to both concentration of effluent and time of 
exposure. They reported that during effluent treatment, the 
activity of peroxidase, amylase and nitrate reductase decreased 
but that of succinate dehydrogenase activity increased at various 
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concentrations of effluent. They also reported that when time 
dependent changes in succinate dehydrogenase activity were 
followed, nearly three fold increase was found within 12 hours 
of treatment after which a rapid loss was noticed, and that 
protein content was the most sensitive macromolecule affected 
by the effluent. 
Hemphill et al. (1985) in USA, while studying the effect 
of tannery effluent on lettuce (Lactuca sativa) and broccoli {B. 
oleracea) var. botrytis reported that nitrogen concentration of 
lettuce grown on waste amended soil was higher than that of 
lettuce grown on untreated soil. They also reported that yields 
of both crops increased when grown on tannery waste amended 
soil. 
While studying the seed germination and growth behaviour 
of green gram (Vigna radiatd) using fertilizer factory effluent, 
Neelam and Sahai (1985) at Gorakhpur (India), reported that 
protein content of seed was maximum at 1.5% effluent. They 
observed an increase in germination percentage and speed of 
germination index with increased concentration upto 2.5% while 
other parameters like root and shoot length, pigment content, 
plant biomass and net primary productivity and seed output 
increased upto 5.0% effluent concentration. On the other hand, 
carotenoid content and soluble nitrogen were maximum under 
3.0% effluent. 
While studying the impact of fertilizer factory wastewater 
on germination, seedling growth, pigment content and biomass 
of rice {Oryza sativa) in equal amounts of soil (50g) treated 
with 1, 2.5, 5, 10, 15, 30, 50, 75 and 100% of fertilizer factory 
effluent, Neelam and Sahai (1988) recorded 100% germination 
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upto 5% effluent concentration. With increasing the 
concentration of the effluent, speed of germination index (SGI) 
decreased. They found that when plants were treated with 5% 
effluent concentration, length of radi&le ^nd plumule, seedling 
biomass and pigment content considerably increased. They 
concluded that 5% concentration had an overall beneficial 
effect. In yet another experiment in 1989, they studied the 
impact of distillery wastewater of different concentrations on 
growth response of moong {Vigna radiata) c\. K-851. They 
observed that when plants were grown with 10% effluent, there 
occurred a marked increase in root and shoot length. They 
reported that inso lub le nitrogen level increased upto 30% and 
soluble nitrogen upto 50% effluent concentration and in all the 
concentrations, the nitrogen uptake increased upto the third 
harvest. 
In 1985a, Sahai et al. applied various concentrations of 
distillery effluent to black gram {Vigna mungo) for studying the 
response of nitrate reductase enzyme. They reported that 
enzyme activity was retarded by higher concentration of the 
effluent whereas it was stimulated by lower concentration. In 
another study, during the same year (1985b), the effect of 
various concentrations of distillery effluent on the growth 
behaviour of black gram {Phaseolus radiatus) was observed by 
Sahai et al. They found that with increasing effluent 
concentrations the value of germination percentage and speed of 
germination index decreased while root and shoot length, plant 
biomass, net primary productivity, seed output and chlorophyll 
content were considerably increased when the plants were 
treated with 5% effluent. They reported that soluble nitrogen and protein 
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contents of the seed increased at effluent concentrations upto 
50% and 15% respectively. Sahai and Srivastava (1986) further 
observed the effect of distillery wastewater on germination and 
seedling growth of pigeon pea {Cajanus cajan). They noted that 
increasing concentrations induced a gradual decrease in the 
germination percentage and speed of germination index. They 
also reported that as pure wastewater was toxic, best seedling 
growth occurred in 2.5% concentration. At 5% concentration, 
the growth was better than the control and the response of crops 
declined significantly beyond 10% concentration and it was 
lowest at the level of 50% concentration. The study showed that 
distillery wastewater may be given safely for irrigation of crops 
at lower concentrations (upto 2.5%) without the use of 
additional fertilizers. In 1987, Srivastava and Sahai studied the 
effect of distillery effluent by applying its various 
concentrations (1 , 2.5, 5, 10, 25, 50, 75 and 100%) having high 
BOD value and excessive concentration of soluble salts on gram 
(Cicer arietinum). They observed that the percentage and speed 
of germination of seed were increasingly retarded with increase 
in effluent concentration and at 100% concentration, there was 
no germination. They also reported that the seedlings exhibited 
maximum shoot length at 5% concentration and maximum root 
length at 2.5% concentration. According to them, the values of 
root and shoot lengths, leaf area, biomass, net primary 
productivity, pigment content, reproductive capacity, seed 
output, seed weight, seed density and seed protein content in pot 
plants exhibited a gradual increase from the control upto 5% 
concentration and decreased at higher concentration. Sahai and 
Srivastava (1988a), studied the seed germination and seedling 
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growth of cauliflower (B. oleracea) var. botrytis and cabbage 
{B. oleracea) var. capitata using various concentrations ranging 
from 1, 2.5, 5, 10, 25, 50, 75 and 100% of fertilizer factory 
wastewater. They observed a corresponding decrease in 
percentage of seed germination and speed of germination index 
with increase of effluent concentration. They reported that in 
75% and 100% concentration, no germination took place while 
2.5% wastewater proved best for seedling growth. They were of 
the opinion that high toxicity of the effluent may be due to the 
presence of urea nitrogen and ammonia - N in the effluent. They 
recommended 2.5% concentration of the wastewater could be 
used as a liquid fertilizer. In another experiment conducted 
during the same year (1988b), Sahai and Srivastava studied the 
impact of various concentrations (1, 2.5, 5, 10, 25, 50, 75 and 
100%) of fertilizer factory effluent on seed germination, 
seedling growth and pigment content of french beans (Phaseolus 
vulgaris). They observed a gradual increase in chlorophyll-a 
and chlorophyll-b of seedlings treated upto 2.5% effluent 
concentration but decreased thereafter. The carotenoid content, 
however, increased gradually with increase in effluent 
concentration. Mukherjee and Sahai (1988) also at Gorakhpur 
(India) studied the impact of distillery wastewater on pigeon pea 
{Cajanus cajan) var. 5-16 and found that various growth 
parameters showed a progressive increase upto 5% concentration 
and root and shoot ratio was maximum in plants irrigated with 
2.5% concentration. They also reported that total dry weight and 
total seed output increased steadily from control to 5% 
concentration and then declined progressively till only a few 
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seeds and a small amount of dry matter was produced in the 
plants treated with 75% concentration. 
Padmanabhan et al. (1985) at Coimbatore (India), studied 
the effect of seed hardening on growth and yield in ground nut 
{Arachis hypogaea) and finger millet (Eleusine coracana) after 
applying paper and pulp industry effluent as irrigation water. 
They found that wastewater decreased the total dry matter at all 
the stages of growth with marked reduction in variety MGS-7 as 
compared to KG-61-240 of ground nut. The pod number differed 
significantly due to effluent irrigation. Both pod weight and 
seed weight were also decreased and the differences were 
significant. In finger millet, with wastewater irrigation, 
significant decrease was noted in total dry matter at 45, 60 and 
80 days after sowing and at harvest also. Significant reduction 
in leaf area index was observed due to effluent irrigation at all 
stages. They also found that in both varieties of finger millet, 
tiller number, ear weight and grain weight was suppressed due 
to wastewater irrigation while grain yield was increased 
significantly. 
Raza and Murthy (1985) at Hyderabad (India), studied the 
physiological responses of plants of Nacharan industrial area in 
response to industrial effluent and reported that chlorophyll, 
ascorbic acid, relative water content and leaf extract pH, 
showed negative correlation with chlorides, sulphates and total 
salinity of soil. Among all plants studied, crow foot 
(Dactyloctenium aegyptium) was found to be resistant. 
Effect of various dilutions ranging from 0, 10, 20, 40 and 
60% of chemical industry wastewater on seed germination and 
early growth performance of wheat (Triticum aestivum) was 
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Studied by Sisodia and Bedi (1985) at Baroda (India). They 
found that when diluted effluents were given, germination was 
totally inhibited upto 20% dilution, whereas it was delayed with 
40 and 60% dilutions and only 30 and 60% germination was 
noted after 3rd day. In addition, root length was markedly 
inhibited upto 20% dilutions whereas shoot length was 
completely inhibited with those diluted upto 60%. 
Adhikary and Sahu (1986) at Keonjhar - Orrisa (India), 
studied the effect of distillery wastewater and blue green alga 
Anabaena on the growth and development of rice seedlings. 
They reported that diluted distillery wastewater (1 - 10%) 
increased the seedling growth of upland variety of rice (Oryza 
saliva) CRM13 and they also reported that when 10% 
neutralized distillery effluent and nitrogen fixing blue green 
alga Anabaena were added in various combinations, a 
significant increase in the vegetative growth was noted. 
Bhatnagar et al. (1986) at Ahmedabad (India) observed 
that 24 hrs pre-soaking of seeds of rice (Oryza saliva) var. ratna 
with sugar factory effluent resulted in 100% germination in 
control, 5%, 10% and 20% effluent. They also observed that 
20% effluent showed maximum growth of shoot and more 
chlorophyll contents. While root growth was adversely affected 
under 80% effluent. 
Both maize {Zea mays) for silage and a mixture of oats 
{Avena saliva) and ryegrass (Lolium perenne) were successfully 
produced in hybrid bermuda grass using either dairy 
wastewater or commercial fertilizer along with irrigation in 
USA by Butler el al. (1986). They applied two levels of dairy 
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wastewater (250mm and 500mm) and observed that higher levels 
were not beneficial for crop production. 
Sant and Jha (1986) at Varanasi (India) studied the 
germination and seedling growth of finger millet (Eleusine 
coracana) taking various dilutions (2.5, 5, 10, 25, 50 and 100%) 
of chemical factory wastewater. Results on mortality, seed 
germination, quantitative changes and seedling growth revealed 
that the best germination and seedling growth occurred in 2.5 to 
5.0% wastewater only, while seedling growth was inhibited at 
10% wastewater and above. They were of the opinion that 
chemical factory wastewater may be used safely for irrigation 
purposes after proper dilutions. 
In an experiment conducted in pots at Banglore (India), 
Pathmanabhan et al. (1987) studied the effect of paper mill 
effluent on various varieties of ground nut {Arachis hypogaea) 
and reported that pod number per plant, seed weight per plant 
and hundred seed weight showed a reduction due to effluent 
irrigation and revealed varietal differences. The dry weight of 
leaf and stem at harvest decreased significantly due to irrigation 
in most of the varieties. Pathmanabhan and Udayakumar (1988) 
also reported that paper mill effluent irrigation, when given to 
ground nut {Arachis hypogaea) and finger millet {Eleusine 
coracana) seedlings, grown in sand culture decreased the 
activities of carboxylating enzyme and nitrate reductase in the 
crop. The PEP carboxylase activity in finger millet suffered 
more reduction than that of RUBP carboxylase in ground nut. 
Singh and Mishra (1987) at Kanpur (India) while applying 
various concentrations of fertilizer factory wastewater to maize 
{Zea mays) and rice {Oryza saliva) seedlings observed no 
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significant deviation in the germination percentage in the 
effluent concentration ranging from 2.5 to 5.0% for the two 
crops as compared to control. Higher concentration of effluent 
(above 10%) inhibited growth and germination was totally 
checked (0%) when irrigated with 100% wastewater. Maize and 
rice crops grown in soil irrigated with low wastewater levels 
(2.5 to 5.0%) showed increased height, leaf area and dry matter 
production as compared to control. Plant height showed a 
maximum increase of 52% for maize and 16% for rice grown on 
soil irrigated with 5% wastewater. 
Large scale cultivation of sugar cane {Saccharum 
officinarum), paddy {Oryza sativa), wheat {Triticum aestivum), 
onion {Allium cepa), ground nut {Arachis hypogaea) etc. using 
treated effluent from Pudumjee Pulp and Paper Mills Ltd., Pune 
(India), confirmed the fact that lignin, polysaccharides and 
residual nutrients present in the effluent were helpful for 
increased yields in comparison to former years (Kulkarnii, 
1988). 
Bahadur and Sharma (1989) at Bareilly (India), studied the 
effect of combined effluent from three industrial units (Indian 
Turpentine and Rosin Co. Ltd., Western India Match Co. Ltd. 
and Camphor and Allied Products Ltd.) on the growth of pea 
(Fisum sativum) var. T-163. They observed that shoot length, 
root length, number of leaves, branches and inflorescences, leaf 
area, dry weight of shoot, root and seeds and biomass per plant 
decreased significantly in plants receiving effluent, after 30, 75 
and 135 days. However, the reduction in number of leaves 
(19.35%) and leaf area (28.08%) was not significant at 75 days. 
Maximum decrease in leaf area (31.09%) was observed at early 
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vegetative stage. However, maximum reduction in root length 
(22.0%), number of branches (46.80%) and root dry weight 
(44.42%) was observed at the age of 75 days. After 135 days, 
maximum decrease in shoot length (34.54%), leaf number 
(26.60%), shoot dry weight (37.64%), biomass per plant 
(38.03%), number of inflorescence per plant (41.61%) and dry 
weight of seeds (38.88%) was observed. They attributed this 
decrease in various growth attributes in treated plants to 
synergistic effect of various pollutants on certain metabolic 
processes. 
Choudhary et al. (1989) at Darbhanga (India), worked on 
seed germination, seedling growth and pigment content of 
barley {Hordeum vulgare) using paper mill wastewater. They 
reported that germination percentage showed a gradual decrease 
with increase in concentration of the wastewater. They also 
noted that optimum growth occurred in 25% wastewater. 
According to them total chlorophyll increased upto 25% effluent 
and the chlorophyll content was higher in 75% effluent than in 
control. Thus they concluded that paper mill effluent can be 
safely used for irrigation purposes after 25% dilution for better 
growth of crop plants without the use of additional fertilizers. 
Deivasigamani et al. (1989) at Annamalainagar (India), 
studied the effect of raw textile factory wastewater on black 
gram {Vigna mungo). The raw wastewater inhibited all the 
morphological growth parameters like shoot length, root length, 
number of root nodules, number of leaves, total leaf area and 
also yield of black gram. The mortality rate at 75% and 100% 
raw effluent was significantly higher. 
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Gries and Garbe (1989), in Northern Germany, grew 
common reed grass {Phragmites australis) in a root zone 
wastewater treatment and related the high stalk density (150-
200/m^), low stand height and a small root mass per unit 
rhizome to high nutrient supply, and the accumulation of 
phosphate was very high in root as compared to shoot and 
rhizomes. The concentration of phosphate in rhizomes and shoot 
was even lower than in the reed grown in natural habitats. They 
also reported that nitrogen content of plant was independent of 
high ammonia supply. 
The effect of wastewater of Synthetics and Chemicals Ltd. 
(rubber factory), Bareilly (India), on growth contributing 
attributes like net assimilation rate (NAR), leaf area ratio 
(LAR), relative growth rate (RGR) and crop growth rate (CGR) 
in some forage crops was studied in pot experiments. Marked 
reduction in various growth parameters was observed by Khan 
and Varshney (1989). They observed that lucerne (Medicago 
sativa) cv. anandya performed competitively better to other 
crops. The degree of tolerance to effluent was in descending 
order of lucerne cv. anandya, Sanji {Melilotus alba), lucerne cv. 
vipul, Akra {Vicia faba). 
Thukral (1989) studied the effect of tailings waste 
discharged from Khetri Copper Plant, Khetrinagar (India) on 
crop plants viz. green gram (Vigna radiata), cluster bean 
{Cyamopsis teragonoloba), pearl millet {Pennisetum typhoides), 
wheat (Triticum aestivum), barley (Hordeum vulgare) and 
mustard (Brassica campestris ). A general decrease in the dry 
weight of different plant parts and total dry weight on regular 
irrigation with tailings water was observed. Mustard was worst 
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affected in which total dry weight decreased by 44.84% and 
decrease in dry weight of the fruits was 71.87% with respect to 
the control. In cluster bean a significant increase in fruit dry 
weight (162.5%) was observed on alternate irrigation. However, 
all other parts showed a decrease. A small increase in dry 
weight (25.6%) was also recorded in the spikes of wheat on 
alternate irrigation. It was reported that the effect on dry weight 
of plants was not as pronounced in alternate irrigation when 
compared to regular irrigation with tailings water. 
Uskov and Mart-Yanov (1989) at Kursk (Russia), irrigated 
vegetable crops with warm water discharged from the nuclear 
power station which resulted in increase in yields viz., 47% in 
cucumbers (Cucumis sativus), 29% in late cabbage {Brassica 
oleracea) var. capitata, 60% in beet roots {Beta vulgaris) and 
48% in sugar beet {Beta vulgaris) var. rapa Dum. They reported 
that in subsequent trials, surface irrigation produced better 
yields than sprinkling and under the influence of warm water 
irrigation, the soil warmed up earlier in spring and vegetation 
was prolonged in autumn. Maturation of crops was accelerated 
and a second harvest was possible. 
Jabeen and Saxena (1990) at Gorakhpur (India), studied 
the effect of two industrial wastewaters viz., Sarya Distillery 
and Gorakhpur Fertilizer Factory on pea {Pisum sativum). They 
reported that growth of plants was favourable when lower 
concentrations (upto 5% of distillery and 2.5% of fertilizer 
factory) were used which ultimately increased the dry matter, 
pigment and protein content. The high pigment content may be 
attributed to the favourable effect of increased nitrogen and 
other mineral elements on pigment synthesis whereas increase in 
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protein content upto 5% distillery effluent concentration was 
attributed to transportation of nitrogen absorbed by the plants at 
last stage of growth to seeds. They concluded that both effluents 
after proper dilution may be used for irrigation. In their opinion 
it will be additional source of nutrients. 
Kadioglu and Algur (1990), working at Erzurum (Turkey), 
studied the effect of vinasse on some enzymes, chlorophyll and 
protein content of pea (Pisum sativum). Different concentrations 
of vinasse were taken and was found that the activity of 
cellulase and pectin methyl esterase, chlorophyll and protein 
content in potted plants showed a gradual increase from control 
upto 2.5% concentration, but decreased at higher concentrations. 
Kumar et al. (1990), in Gujarat (India), worked out the 
impact of pharmaceutical factory wastewater on germination, 
dry matter accumulation and crop productivity of mustard plant 
{Brassica juncea) var. T-59. They reported that upto 40% 
wastewater concentration, root and stem length and total plant 
dry weight enhanced significantly while the concentrations 
above it resulted in decreased plant growth and dry weight. 
They concluded that it can be used as an additional source of 
fertilizer but only after making proper dilutions. Kumar et al. 
(1991) at Ahmedabad (Gujarat) grew crop of mustard {Brassica 
juncea) var. T-59 in the field after subjecting the seeds to pre-
soaking treatment with different concentrations (viz., 10, 20, 30, 
40, 50 and 60%) of pharmaceutical factory effluent. The 
percentage of germination, stem height, root length as well as 
yield production was stimulated in lower effluent concentrations 
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Sharma et al. (1990) applied wastewater from the Bhilhai 
Steel Plant, Madhya Pradesh (India) to linseed (Linum 
usitatissimum) in the field and to sesame (Sesamum indicum) 
and french bean {Phaseolus vulgaris) in pots. The effluent 
contained 2534, 5741, 6441 and 31 mg/litre of NO3-N, NH4-N, 
Fe and phenol respectively with low COD and BOD. They 
observed that compared with tap water, wastewater decreased 
plant Ca and Mg concentrations and increased P concentrations. 
Fe concentration was decreased by wastewater in sesame and 
french bean but increased in linseed. 
Subramanian et al. (1990a) at Annamalainagar (India), 
studied the effect of pre-sowing seed hardening treatment under 
distillery effluent on growth and yield of black gram (Vigna 
mungo). Growth parameters like shoot length, root length, 
number of root nodules, number of leaves, total leaf area and 
yield was found to be reduced under effluent irrigation. For 
increasing the yield, they gave seed hardening treatment to 
seeds with 1% CaC^ which amended the adverse effect of 
wastewater irrigation by enhancing the growth and yield to a 
certain extent. They conducted another experiment (1990b) on 
the effect of distillery wastewater on seed germination and 
seedling growth of green gram {Vigna radiatd). Germination 
studies were conducted in petridishes with different 
concentrations of effluent (10, 25, 50, 75 and 100%). 
Treatments with lower concentrations of the effluent showed 
favourable effect on seedling growth, whereas higher 
concentrations inhibited the viability and percentage of 
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germination. Shoot and root lengths were found to be decreased 
with the increase of the effluent concentration. 
Effect of distillery effluent on seed germination and early 
seedling growth in black gram (V. mungo) and green gram {V. 
radiata) was studied by Vijayakumari and Kumudha (1990) at 
Erode (India). They found that the seed germination and 
seedling growth was retarded with increase in effluent 
concentrations. However, the effluent upto 2.5% was beneficial 
for the overall growth of plants. They recommended that in 
diluted form the effluent could be used as a liquid fertilizer. 
Vijayakumari et al. (1993) at Coirabatore (India), studied the 
effect of soap factory effluent on seed germination and early 
seedling growth of pearl millet (Pennisetum typhoides) var. 
WCC75, finger millet (Eleusine coracana) var. endaf 5, green 
gram {Vigna radiata) var. C04 and black gram {Vigna mungo) 
var. T9. They reported that in finger millet^seedling growth was 
promoted by 2.5 and 5% effluent. Whereas seedling growth and 
seed . germination in pearl millet was enhanced to maximum 
in 5% dilution. In both the pulse crops, germination and 
seedling growth was completely inhibited by 100% effluent. The 
overall growth of pulse seedling was enhanced at lower dilution 
(2.5%) as compared to the control. It was concluded that after 
suitable dilutions the effluent can be used for irrigating the crop 
plants. 
Wang (1990) while assessing toxicity of pre-treated 
industrial wastewater using higher plants at Peoria (USA), 
remarked that out of tested plants, rice (Oryza sativa) was more 
sensitive to toxicity than duckweed (Lemna minor) and lettuce 
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{Lactuca sativa) and rice root elongation was markedly 
decreased as compared to lettuce. 
Bishnoi and Gautam (1991), at Bikaner (India), used 
different concentrations (25, 50, 75 and 100%) of dairy effluent 
to study its effect on seed germination and seedling growth of 
some kharif crop plants. They reported that with increasing the 
effluent concentrations, the percentage of germination decreased 
gradually. 
In 1992, Gautam et al. studied the effect of various 
concentrations (25, 50, 75 and 100%) of dairy effluent on seed 
germination of some rabi and kharif crop plants. They reported 
that maximum germination percentage was recorded in 25% 
effluent concentrtion. The germination of all test crop plants in 
50% concentration was at par with that of control. The 
inhibitory effect was observed in 75% and 100% effluent 
concentrations. 
Misra and Behera (1991), at Berhampur (India), studied 
the effect of four concentrations of paper mill effluent (i.e. 25, 
50, 75 and 100%) on percentage of germination, water imbibing 
capacity, root and shoot length and tolerance index of root in 
seedlings of rice (Oryza sativa). They observed that growth of 
rice seedlings was decreased with increase in time of exposure 
as well as concentrations of effluent. 
Sharma and Naik (1991), at Raipur (India), observed the 
impact of steel mill wastewater on cluster bean (Cyamopsis 
tetragonoloba) and reported that effluent irrigation decreased 
the germination percentage as well as other germination 
parameters of seeds but increased the ash and nutrient content in 
all parts of cluster bean. It also increased the pigment and 
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protein concentration in leaves of cluster bean. Effluent 
irrigation increased the soil nitrogen concentration 
significantly. 
Shukla and Pandey (1991) also at Raipur (India), soaked 
the seeds of maize {Zea mays), black gram {Vigna mungo) and 
gram (Cicer arietinum) in solution containing 25, 50, 75 and 
100% of wastewater from an oxalic acid manufacturing plant. 
Seed germination of maize, black gram and gram decreased from 
100% in distilled water to 86, 32 and 55% respectively in 25% 
concentration and 52, 12 and 15%> respectively at 50% 
wastewater. They also reported that after 10 days growth, maize, 
black gram and gram seedlings in 25% treatment were 5.1, 0.7 
and 2.6 cm high respectively compared with the control heights 
of 5.6, 3.1 and 5.0 cm. 
Srivastava (1991), at Jabalpur (India), studied the effect of 
paper mill and chlor-alkali plant effluent on seed germination^ 
root length, shoot length and number of secondary roots of 
radish (Raphanus sativus) and onion (Allium cepa). He found 
that chlor-alkali plant effluent was highly deleterious for 
germination and early growth performance of seeds as compared 
to paper mill effluent. He also reported that relative toxicity of 
effluents to both the seeds was as follows CAP effluent > grade 
III effluent of paper mill > grade II effluent of paper mill. 
Swaminathan and Vaidheeswaran (1991), at Coimbatore 
(India), reported diluted dyeing factory effluent increased the 
physiological components of ground nut (Arachis hypogaea) 
seedlings whereas pure effluent decreased the amount of 
physiological components viz., chlorophyll, carbohydrate and 
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protein content. Similar effects were found for seed germination 
and seedling development. 
Walsh et al. (1991), USA, measured response of Barnyard 
millet {Echinochloa crus^galli) and Colorado river hemp 
(Sesbania macrocarpa), which were exposed to a combined 
effluent (from a coke plant, a pulp mill and wastewater 
treatment plant) in three types of tests viz., seed germination 
and early growth, seedling survival and growth in hydroponic 
culture and seedling survival and growth in sand and synthetic 
sediments with sand, clay, silt and 3.5, 7.5 or 10% organic 
content. There was no effect of effluents on germination. 
Growth rates were reduced significantly in all tests except for E. 
crusgalli which was exposed in sediment to effluent from a 
wastewater treatment plant; the effluent stimulated growth. 
Abasheeva and Revenskii (1992), in Russia, while working 
on oats {Avena sativa), rape {Brassica napus) and peas (Pisum 
sativum) in pots using alluvial meadow or grey forest soil and 
used clean water or purified wastewater from a cellulose and a 
cardboard mill containing Ig salt/litre, as a result dry matter 
yields of oats on both soils and peas on grey forest soil was 
increased and did not affect those of rape on either soil or peas 
on alluvial meadow soil. However, no adverse effects on 
chemical composition or feed value was reported. Use of 
wastewater between sowing and full flowering increased the 
concentration of soluble salts especially in the soil. 
Goswami and Naik (1992), at Raipur (India), performed an 
experiment to evaluate the effects of fertilizer factory effluent 
on chlorophyll contents of cluster bean (Cyamopsis 
tetragonolobd). They observed an improvement in chlorophyll 
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content at 10% effluent concentration whereas it was adversely 
affected at higher concentrations and virtually a negative 
correlation existed between the two. 
Al-Jaloud et al. (1993), at Riyadh (Saudi Arabia) studied 
the effect of wastewater on growth of maize {Zea mays) and 
sorghum {Sorghum vulgare) in a pot trial. They reported that in 
different water salinity treatments, mean dry matter yield and 
mean biomass for maize was 28.9 to 38.3 and 159 to 210g/pot 
respectively and for sorghum was 34.9 to 50.4 and 165 to 
212g/pot respectively. They also reported that with increase in 
water salinity, the crop yield showed significant increase, which 
was attributed to the presence of nutrients in wastewater, 
especially nitrogen. They were of the opinion that decrease in 
plant yield at a water salinity level of 2330 mg/litre (TDS), 
indicates that high water salinity can neutralize the beneficial 
effects of nutrients in wastewater. 
Aziz et al. (1993a) at Aligarh (India), studied the effect of 
treated refinery wastewater on nitrate reductase activity of green 
gram (Vigna radiata) var. T-44 and K-851. The experiment was 
conducted at the experimental farm of Indian Oil Corporation 
Ltd., Mathura Refinery, Mathura (India) and reported that 
treated wastewater, which contained considerable amount of 
nitrate nitrogen, phosphate, potassium, calcium, sodium, 
sulphate as compared to ground water stimulated NRA at all the 
samplings when compared to ground water (GW). They noticed 
a linear increase in NRA from 15-25 DAS and then activity 
decreased. On the other hand, the activity was stimulated more 
in var. T-44 as compared to K-851. Aziz et al. (1993b) 
conducted a split plot field experiment at the experimental farm 
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of Mathura Refinery, Mathura (India), to compare the effect of 
treated oil refinery effluent with that of ground water on growth 
and yield of lentil {Lens culinaris) var. K-75. After two years of 
study (1990-92), it was found that application of treated effluent 
increased all the vegetative characteristics by enhancing leaf 
number by 22.73%, 14.44% and 3.18% and dry weight by 
27.05%, 21.85% and 8.68% at 60, 90 and 120 DAS respectively 
over the ground water. No significant difference in seed yield 
was observed during 1990-1991 whereas in 1991-92, the effluent 
irrigation increased the seed yield by 6.4% compared to ground 
water irrigation. In a field trial (1994), Aziz et al. also studied 
the comparative utility of treated refinery effluent and ground 
water on growth and yield of three cultivars of triticale ( delfin, 
driera and TL-419) and one of wheat (HD-2204). They reported 
that treated effluent proved superior to ground water for the 
growth of both crops as is evident from increased height, leaf 
number, tiller number, fresh weight and dry matter production at 
all stages. They also reported that all the cultivars gave the 
highest yield under the treated effluent irrigation and among the 
cultivars, delfin performed best followed by driera, TL-419 and 
HD-2204, in that order. In another field experiment (1995), Aziz 
et al. studied the effect of treated wastewater in comparison 
with ground water on four cultivars of wheat (Triticum 
aestivum). They observed that compared with ground water 
irrigation, treated water sustained better growth of the crop, 
indicated by the higher values for shoot length (7.53, 6.24 and 
7.6%), leaf number (22.39, 14.74 and 34.13%), fresh weight 
(21.8, 18.41 and 12.39%) and dry weight (15.76, 44.65 and 
40.65%) per plant at 50, 75 and 100 DAS respectively. Under 
36 
treated water irrigation, the values for net assimilation rate 
(NAR) were also higher in the samples collected between 25-50 
and 50-75 DAS. Yield parameters also recorded an increase 
under treated wastewater irrigation e.g. there occurred a 40.24% 
increase in ear number per plant, 12.86% in length per ear, 
17.46% in ear weight per plant, 11.0% in spikelet per ear, 
10.77% in grain number per ear, 4.42% in 1000 grain weight, 
6.52% in grain yield and 8.94% in straw yield in treated water 
compared with ground water. They also reported that treated 
water irrigation resulted in lower protein and carbohydrate 
content of the grain compared with ground water irrigation. 
However, total carbohydrate yield was found to be 3 .51% more 
in treated water than in ground water treated plots. In the year 
(1996a), Aziz et al. studied the long term effect of 
petrochemical industry wastewater on six crops and agricultural 
soils. They observed that wastewater irrigation resulted in 
increased seed yield of all the crops viz., wheat, triticale, 
chickpea, lentil and pigeon pea except that of summer moong in 
which 16.6% more seed yield was obtained in fresh water with 
that under wastewater irrigation. In triticale, the increase in 
grain weight and yield being 5.6 and 7.4%. In wheat, an increase 
of 6.4% in grain yield was observed in wastewater irrigated 
plants as compared to ground water irrigated plants. In 
chickpea, except for seed weight, no significant effect as a 
result of effluent irrigation was noted in other yield contributing 
characters including seed yield. Except for seeds per pod, 
treated wastewater gave higher values for all the parameters in 
lentil and produced 6.5% more seeds when compared with fresh 
water irrigation. As in lentil, the effect of treated wastewater 
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was found significant on all the yield characteristics of pigeon 
pea and 18.7% higher yield was obtained under wastewater 
irrigation. Data on growth parameters revealed that refinery 
wastewater was superior to fresh water irrigation for the 
vegetative growth of all the cultivars. In the same year (1996b), 
Aziz et al. in yet another split plot field experiment studied the 
effect of treated Mathura Refinery wastewater on the growth and 
yield characteristics of berseem {Trifolium alexandrium) grown 
at the experimental farm of Indian Oil Corporation Ltd, Mathura 
Refinery, Mathura for two consecutive years (1988/89 and 
89/90). The data revealed that treated wastewater treatment, 
fertilizer treatment and of their interactions improved all growth 
characteristics and yield at all sampling stages. The treated 
wastewater enhanced leaf number by 4.1, 6.5, 7.0, 9.5% and dry 
weight by 16.7, 17.9, 16.3 and 31.4% at 60, 90, 120 and 150 
DAS over the ground water. The increase in fresh yield due to 
treated wastewater treatment at 60, 90, 120 and 150 DAS was 
10.8, 20.8, 6.3 and 4.6% respectively in 1989-90. Another study 
was conducted by Aziz et al. (1998) in which they studied the 
performance of triticale under five levels of nitrogen with 
treated effluent of Mathura Refinery and compared with that of 
ground water. Analysis of both irrigants revealed that in 
general, treated effluent had more nutrients available as 
compared to ground water. The crop performed better under 
treated water compared with that of ground water and there was 
a linear increase in all growth, yield and grain quality 
parameters studied with increase in frequency of irrigation. 
They observed lower protein and carbohydrate contents in plants 
irrigated with treated effluent. They reported that three 
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irrigations with treated effluent proved superior to even four 
irrigations with ground water for almost all the characteristics 
studied. 
Inam et al. (1993) at Aligarh (India), conducted a field 
experiment to compare the effect of refinery effluent and ground 
water on seedling emergence of three varieties of triticale 
(delfin, TL-419 and driera) and one of wheat (HD-2204). There 
was no adverse effect of effluent on seedling emergence as 
compared to ground water. Among the cultivars, HD-2204 and 
delfin of wheat and triticale respectively performed better than 
TL-419 and driera. 
Kannabiran and Pragasam (1993) in India, studied the 
effect of Pondicherry Distillery Effluent (PDE) on black gram 
{Vigna mungo). They reported that seeds of black gram failed to 
germinate in undiluted (pure) distillery effluent. At 75% 
concentration, radicles emerged out in a few seeds, but further 
growth was inhibited from the 3rd day. At 50% concentration, 
the roots were very short and devoid of laterals whereas at 25% 
concentration, roots showed few laterals. They reported that 
among diluted effluents, 10% concentration showed slightly 
lower values than those of control and 1%, 5% and control 
showed almost similar values. Higher germination percentage 
and seedling growth was observed at 2.5% concentration. They 
also reported that maximum value of biochemical parameters 
viz., chlorophyll a, chlorophyll b, total chlorophyll were 
recorded in 2.5% concentration. However, carotenoid content 
was maximum at 5% concentration. 
Madhappan (1993) at Tiruchirapalli (India), conducted a 
pot culture experiment to study the impact of tannery effluent 
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on black gram (Vigna mungo) and green gram (Vigna radiata). 
The effluent contained a variety of minerals that constitute a 
rich source of plant nutrients. Percentage germination of seeds 
and crop growth showed significant variation treated with 
concentrated effluent. Higher concentration of effluent i.e. 
beyond 50% retarded the root and shoot growth whereas 25% 
effluent had a growth promoting effect which was significantly 
better than control and undiluted tannery effluent had a toxic 
effect on germination and growth. 
Ramasubramanian et al. (1993) in Sivakasi (India), soaked 
the seeds of black gram {Vigna mungo) cv. LBG12, for 2 hours 
in diluted effluent (10 to 40%) from match and dye industries 
and germinated them in sand culture. They found that with 
increase in effluent concentration, germination percentage and 
seedling growth decreased. They also observed that decrease in 
plant fresh weight and dry weight paralleled a decrease in leaf 
pigments, chlorophyll a, b and carotenoid, which they attributed 
to the degradation of chlorophyll caused by increased 
peroxidase activity. 
Seed germination, early growth of two cultivars of Indian 
mustard {Brassica juncea) using distillery effluent was studied 
by Tiwari et al. (1993) at Varanasi (India) and they found that 
seed germination and early growth decreased with increasing the 
effluent concentration and at higher concentration it was 
completely suppressed. 
The effect of textile mill effluent on growth of green gram 
{Vigna radiata) cv. ADT-3 seedlings was investigated at 
Annamalainagar (India). The germination percentage of the 
seeds decreased with an increase in effluent concentrations. 
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Effluent at low concentrations of 5% and 10% increased the 
growth and dry weight of the seedlings. Higher concentrations 
of the effluent caused deleterious effects on seedlings. The same 
was true for pigment content (Vijayarengan and 
Lakshmanachary, 1993). 
Karunyal et al. (1994) at Madurai (India), studied the seed 
germination of rice {Oryza sativd). Acacia holosericea and 
horse tamarind {Leucaena leucocephala) and leaf area, biomass 
and chlorophyll content in 40 days old seedlings of vigna (Vigna 
unguiculata), tomato (Lycopersicon esculentum), cotton 
(Gossypium hirsutum) and black gram {Vigna mungo). Among 
treated plants tomato and cotton at 25% and 50% of the tannery 
effluent showed increased biomass over the control. However, in 
black gram biomass increased at 25% and showed drastic 
decrease at 50% treatment. Whereas vigna at both 
concentrations i.e. 25 and 50% showed a decrease in biomass. 
As compared to control in tannery effluent treated plants of 
tomato and cotton two fold increase in leaf area was reported. 
Whereas it was about 30% in treated plants (25%) of vigna and 
black gram. The biomass and leaf area of the treated plants were 
increased more in tomato and cotton by the tannery effluent 
treatment (25%) than in black gram and vigna. In Vigna, black 
gram and cotton leaves, Mg concentration showed an increase at 
25% treatment as compared to control. Whereas no such 
increase in tomato was observed. In leaves of tannery effluent 
treated plants, Na content showed an increase when compared to 
control and the degree of increase was greater in black gram 
than in tomato, vigna and cotton. Increased level of K was 
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observed in effluent treated leaf, stem and root portion of vigna. 
Tomato, cotton and black gram showed a reduced level of K. 
They also studied the seed germination of rice, Acacia 
holosericea and horse tamarind using various concentrations of 
tannery effluent. They observed inhibition of germination at 25 
and 50% effluent and it was checked by 75 and 100% effluent. 
They also reported that chlorophyll content of 40 days old 
seedlings of cotton, black gram, vigna and tomato treated with 
25% tannery effluent for the previous 10 days was higher than 
those of untreated control plants and total protein was also 
increased by 25% effluent treatment. 
Various phytotoxicity symptoms were reported by Saha 
and Ray (1994) at Visva Bharti, Santiniketan (India) after 
studying the effect of carbon black factory effluent and a 
chemical effluent on the growth of radicles of rice {Oryza 
saliva), mustard {Brassica campestris), lentil {Lens culinaris), 
moong {Vigna radiata), gram {Cicer arietinum) and pea {Pisum 
sativum). 
Samiullah et al. (1994) at Aligarh (India), studied the 
effect of treated Mathura Refinery effluent on the growth and 
yield characteristics of wheat {Triticum aestivum) var. HD2204. 
The treated effluent enhanced leaf number by 29.2, 37.9 and 
17.2% and dry weight by 27.1, 17.4 and 18.5% at 60, 75 and 90 
DAS respectively over ground water. Yield characteristics and 
final yield per hectare of crop was enhanced by treated effluent 
irrigation. The increase in yield recorded was 6, 9 and 10% 
during 1987-88, 1988-89 and 1989-90 respectively over control. 
The performance of moong {Vigna radiata) var. T-44 was 
studied for three years by Siddiqui et al. (1994) at Aligarh 
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(India), using treated effluent of Mathura Refinery. They 
reported that effluent treatment enhanced leaf number by 19.4, 
26.2 and 32.0% at 35, 45 and 55 DAS respectively over ground 
water. They observed that except for 1000 seed weight, effluent 
treatment significantly affected the yield parameters by 
increasing pod number and seed number per pod by 14.8 and 
5.4% respectively over ground water. However, effluent 
treatment showed poorer response as compared to ground water 
for yield and it was 15% less in comparison to ground water. 
Goyal et al. (1995) at Hissar (India), reported that 
application of distillery wastewater upto 160 m^/ha to moong 
beans (Vigna radiata) grown in pots increased the dry matter 
production and N and P uptake but dry matter decreased 
markedly with 640 m /ha. The electrical conductivity of the soil 
was increased about three fold by application of distillery water 
equivalent to 320 m^/ha. 
Wastewater from Mexico Valley, which was a mixture of 
domestic, industrial discharges and rainfall was used for 
irrigation purposes on surface of 8500 ha. As a result crop 
yields were produced which were above the national average 
particularly for maize {Zea mays) and lucerne (Medicago 
sativa), Jimenez-Cisneros et al., 1995. 
Sharma and Habib (1995) at Bareilly (India), studied the 
effect of rubber factory effluent on different cultivars of five 
rabi crops viz., wheat {Triticum aestivum) var. RR-21 and UP-
262, gram (Cicer arietinum) var. PG114 and C-235, pea (Pisum 
sativum) var. auricle and P-5, mustard (Brassica campestris) 
var. varuna and T-59 and barley (Hordeum vulgare) var. Jyoti 
and BG-39. They observed that in the straw and dried hay of all 
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the cultivars irrigated with effluent mixed water, concentration 
of Mg decreased. Also percentage of Ca, K, PO4 and total 
nitrogen, crude protein and ether extract was significantly lower 
in the seeds of effluent treated cultivar C-235 of gram. 
However, concentration of Na, Fe, SO4, total carbohydrates, 
total ash and chloride increased significantly. 
Shivhare and Pandey (1995) at Raipur (India), after 
studying the effect of copper ore concentrate project effluent on 
growth parameters viz., percentage germination and seedling 
height of some crops viz., (gram, Vigna , wheat, maize and 
paddy rice) reported that response of these parameters to 
effluent was concentration dependent, with 50% effluent 
indicating a favourable and 100% showing a deleterious effect. 
This peculiar response of the effluent was traced down to 
xanthate, which was present at concentration of 143 mg/1 in the 
effluent. 
Shukla and Moitra (1995), Shilong (India), soaked the 
seeds of gram {Cicer arietinum), black gram {Vigna mungo), 
maize (Zea mays) and rice (Oryza sativa) in 0, 25, 50, 75 and 
100% concentrations of steel plant effluent. Seed germination 
and seedling growth of all crops decreased with increase in 
effluent concentration. Maize showed the lowest tolerance to the 
effluent. 
Singh and Bahadur (1995), Pantnagar (India), germinated 
seeds of rice (Oryza sativa), wheat {Triticum aestivum), black 
gram (Vigna mungo), green gram (Vigna radiata), pigeon pea 
(Cajanus cajan), lentil (Lens culinaris), mustard (Brassica 
juncea), soybean (Glycine max), maize (Zea mays). Chickpea 
(Cicer arietinum) in 0-100% distillery effluent from a biogas 
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plant. They reported that in 100% effluent no seed germinated 
and maize, rice, mustard, black gram, pigeon pea, soybean and 
chickpea seeds germinated in 20% effluent whereas green gram 
seeds germinated normally in 50% effluent. Wheat seeds were 
more sensitive and did not germinate at 50% effluent. 
Germination of rice and lentil was greatly reduced at 50% 
effluent. In an another experiment, Singh and Bahadur (1998) 
used distillery effluents having BOD of 4620 mg/litre for pre-
sowing irrigation on maize {Zea mays) during 1993-95. They 
reported that twelve pre-sowing irrigation with effluent of 4620 
mg/litre BOD has no adverse effect on germination of maize but 
improved the growth and yield. 
A pot experiment on Indian mustard {Brassica juncea) cv. 
kranti was conducted by Sawarkar et al. (1995) at Jabalpur 
(India), using 0-45 ppm P and 0-150 ppm S as oxalic acid 
industrial wastewater. They observed that by increasing 
phosphorus rate, seed yield increased and it was increased with 
100 ppm S. Phosphorus application also increased seed P and oil 
contents. Seed sulphur content and available S content of soil 
was increased by sulphur application. 
Vazquez-Montiel et al. (1995) at Apartado (Mexico) in a 
glass house experiment applied various concentrations of treated 
effluent from a trickling filter wastewater treatment plant to 
soybean {Glycine max) and maize {Zea mays) under controlled 
conditions. Both crops responded well to effluent irrigation but 
with important differences between them in terms of grain dry 
matter and nitrogen uptake which was attributed to timing and 
amount of effluent applied, with decreasing effluent application 
early in the growing season stimulating nitrogen uptake from the 
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soil and recovery of applied nitrogen was greater in maize than 
in soybean under full irrigation. They also reported 
improvement in nitrogen utilization when an effluent deficit 
vegetative stage was followed by full effluent irrigation applied 
during the reproductive period. 
Anjana and Rao (1996) at Jabalpur (India), made an 
investigation for studying the effect of water coming out from 
wastewater treatment plant of Shaw-wallace gelatin factory, 
main drain, dicalcium phosphate plant, water from Narmada 
river and narrow effluent channel in which treated and untreated 
effluent of gelatin factory were discharged into river Narmada, 
on seed germination and seedling growth of some important crop 
plants. They found that percentage germination and seedling 
growth were maximum in case of seeds irrigated with water 
from narrow effluent channel followed by wastewater treatment 
plant and river Narmada and minimum in case of seeds irrigated 
with water from dicalcium phosphate plant followed by main 
drain. 
Eid and Shereif (1996) at Cairo (Egypt), irrigated barley 
{Hordeum vulgare), broad bean {Vicia faba) and rape {Brassica 
napus) by raw wastewater mixed with fresh water in the ratio of 
1:2 and 1:6 for a final EC of 5 ms/cm and 2 ms/cm respectively 
and treated wastewater mixed with fresh water (1:6) for a final 
EC of 7 ms/cm. They reported that effect of irrigation was 
insignificant on Zn and Cu contents of plants. However, the 
contents of P, N, Mn and Ni increased significantly with mixed 
wastewater compared to fresh water. The increase in manganese 
accounted for 18% and Ni for 9% respectively in mixed 
wastewater treatment (1:2) compared to fresh water. The 
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contents of Fe and Mn in straw were significantly greater than 
in grain or seed, while contents of N, P and K were significantly 
greater in grain or seed than in straw and regarding the contents 
of Cu, Zn and Ni, there was no significant difference between 
grain or seed and straw and the concentration of heavy metals in 
plants were lower than critical toxic levels. 
Shalaby et al. (1996) at Shebin el Kan (Egypt), conducted 
a green house experiment to study the effect of different types 
of waters (sewage effluent, oil and soap company and 
superphosphate factory) on the mineral composition of some 
medicinal plants viz., anise {Pimpinella anisum), caraway 
{Carum carvi), coriander (Coriandrum sativum), spearmint 
(Mentha spicata), geranium (Pelargonium capitatum) and sweet 
basil (Ocimum basilicum). These plants were irrigated by three 
dilutions of each waste (1:1, 1:3, 1:6) with tap water till the 
ripening stage. They observed that application of sewage 
effluent and fertilizer waters especially at diluted treatments 
increased the N and P concentrations of the plants. But oil and 
soap wastewater decreased their contents at all added 
concentrations. P content in different plants was promoted due 
to higher P contents of the fertilizer waste added to the soil. 
They also observed that lower dilutions of the fertilizer waste 
decreased K, Mg and N percent of the plants. In all six 
medicinal plants, the elements viz., Fe, Mn, Zn, Cu, Pb, Co, Ni 
and Cd were slightly and considerably enhanced according to 
either the source or the concentration of the applied wastes. The 
highest increase was observed in Fe concentration of anise 
plants, whilst the copper concentration showed the least 
increase. 
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Prasanna-Kumar et al. (1997) at Bhavnagar (India), 
moistened the seeds of green gram {Vigna radiata) and black 
gram {Vigna mungo) with different dairy effluent concentrations 
10, 25, 50, 75 and 100% and found a gradual decrease in seed 
germination percentage, seedling growth and pigment contents 
with increase in effluent concentration. They observed best 
germination, seedling growth and pigment content at 25% 
effluent concentration. They concluded that dairy effluent can 
be used safely for irrigation purposes if diluted to 25% 
concentration. 
Tedeschi et al. (1997) at Naples (Italy), conducted a two 
year study for evaluating grain and oil yields and plant water 
status of field grown sunflowers (Helianthus annuus) under 
varying salinity conditions. In a complete randomised block 
design with four replications, four salinity levels were applied. 
They reported that biggest depletion of yield occurred under 
irrigation with the highest salt concentration (1%) but water 
status and leaf photosynthesis were not significantly affected. 
No difference in yield were found between the treatments 
(0.25% and 0.5%) however, dry matter accumulation was 
reduced as salinity levels increased. 
Arindam (1998) at Madhubani (India), applied different 
concentrations (10%, 25%, 50%, 75% and 100%) of 
Carbonaceous sugar mill effluent 24 hourly sampled from So -
Ss (sampling sites, the distance between the two sampling sites 
was kept 100 meters) to a 3 days old germinated seedling of 
Barley {Hordeum vulgare) for 10 days to study the effect of it 
on seedling height and root length of Hordeum vulgare. He 
found inhibitory effects on shoot length and root length by high 
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concentrations of effluent collected from all the sites and he 
concluded that proper dilution of effluent may be useful for 
agricultural purposes. Arindam (1999a) applied different 
concentrations (10%, 25%, 75% and 100%) of carbonaceous 
sugar mill effluent selected from source of discharge (So) and 
five different sampling sites (Si - S5), 200 meters apart to a 3 
days old germinating seedling of barley {Hordeum vulgare) var. 
IB65. The effluent was applied 24 hourly to the seedling for 10 
days and distilled water was used for control. He found that 
high concentration resulted in inhibitory effects on chlorophyll 
a, chlorophyll b and total chlorophyll and 10% effluent of Se 
was found stimulatory for pigment content of Hordeum vulgare 
var. IB65. In another study, he (1999b) studied the percentage 
germination of dry and dormant seeds of barley {Hordeum 
vulgare) var. 1B65 by treating them with Chakia Sugar Mill 
effluent sampled from different sites (source of discharge i.e. 
So and five other sampling sites i.e. Si - S5) for 4, 8, 12, 16, 20 
and 24 hours. He obtained reduction in percent germination with 
increase in duration of treatment. The increase in distance of 
sampling of effluent resulted in increase of percent germination, 
thereby indicating dilution in physio-chemical characteristics of 
effluent with increasing distance from initial source suggesting 
complete absence of toxic behaviour of effluent after proper 
dilution. In the same year (1999c) in another trial, he studied 
the effect of Chakia Sugar Mill effluent (Carbonaceous) on 
mitotic index of root apical meristem of barley {Hordeum 
vulgare) var. IB65 by treating the dry and dormant seeds of it 
with effluent collected from different sampling sites (So - S5) 
for 4 - 2 4 hours. He observed that with increase in duration of 
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treatment mitosis was reduced but increased with increase in 
distance of sampling sites. He concluded that effluent was 
mitodepressive, which might be overcome after dilution of 
effluent. 
The effect of different concentrations (1, 2.5, 5, 10, 25 
and 50%) of tannery effluent on seed germination and early 
seedling growth of pigeon pea {Cajanus cajan) cv. prabhat and 
rice (Oryza sativa) cv. jaya was studied by Bera and Saha 
(1998) at Mohanpur (India). They found that seedling growth of 
pigeon pea and rice was stimulated under 10% and 5% 
concentrations respectively indicating that pigeon pea is 
comparatively more tolerant to the effluent than rice. 
Kunekar et al. (1998) at Pune (India), studied the effect of 
waste effluent generated in the manufacturing process of 
mancozeb (fungicide). Four tree species namely Kassod-tree 
{Cassia siamea), Lamk, solid bamboo {Dendrocalamus strictus), 
Tasmanian blue gum {Eucalyptus globulus Labill) and Madura 
shade tree {Gliricidia septum) were tested for growth in pot 
culture experiments. Plain water served as control while 
untreated waste effluent was used for comparison with 
microbially treated effluent. They reported that growth in terms 
of increase in height of all the four tree species was inhibited by 
the effluent. 
Srikantha et al. (1998) at Banglore (India), conducted a 
pot culture experiment on french bean {Phaseolus vulgaris) and 
amaranth {Amaranthus) using various concentrations of a dairy 
effluent. They observed that in case of both Amaranth and 
french bean, germination percentage decreased with the increase 
in the quantity of effluent used during germination. It was 
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maximum (87.5 and 95.5% in french bean and Amaranth 
respectively) in control and minimum (71.87 and 36.50% in 
french bean and amaranth respectively) in raw effluent. Dry 
matter yield of both the crops was lowest in raw effluent and 
highest in control and decreased with increase in concentration 
of the effluent. Compared to control, plant nutrients viz., N, P 
also decreased due to effluents. The decrease in the uptake of 
these nutrients was attributed to the high concentration of 
sodium in the effluent, which interfered with their uptake. In 
both french bean and amaranth, sodium content increased with 
increase in concentration of effluent. Mg and Ca content of the 
both french bean and amaranth were decreased with increase in 
concentration of effluent. 
Yamada et al. (1998) in Japan, sprayed wastewater 
obtained from disinfection of rice {Oryza sativa) seeds 
(containing two fungicides viz., pofurazoate and oxolinic acid 
and an insecticide fenitrothion) on soil in nursery boxes. They 
observed that there was no appreciable effect on emergence 
using dilutions 0, 2, 5, 10 or 20 times. However, seedling 
growth, especially root extension was suppressed at dilution 
rates lower than 10 times. 
Ghosh et al. (1999) at Patna (India), studied the effect of 
various concentrations of distillery effluent on germination of 
peas {Pisum sativum), gram (Cicer arietinum) and black gram 
(Vigna mungo). They observed that percentage germination 
increased upto 75% effluent in gram and peas and upto 50% 
effluent in black gram. Plumule and radicle growth generally 
increased upto 50% or 75% effluent concentration and then 
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decreased. Also root shoot ratio decreased with increasing 
effluent concentration. 
Hayat et al. (2000) at Aligarh (India), grew mustard 
{Brassica juncea) in a split plot design at an experimental farm 
of Mathura Oil Refinery for two years to study the comparative 
effect of treated wastewater and ground water over it. According 
to them, as treated wastewater contained some additional 
essential elements as compared to those in ground water, as a 
result, it induced better growth, enhancing fresh weight by 
2.6%, 32 .1% and 10.6% and dry weight by 8.6%, 20.6% and 
12.3% per plant over ground water irrigated plants at 50, 70 and 
90 DAS respectively. This increase in growth, possibly was 
responsible for healthy growth of the reproductive parts and 
higher seed and oil yield at harvest in both the years and no 
significant difference in seed yields of 1997-98 and 1998-99 
was reported. The pod number per plant increased by 22.4% 
however, the seeds per pod, 1000 seed weight and oil content 
did not show significant changes. The seed and oil yield in 
plants receiving treated water were 8.5% and 9.6% higher 
respectively than those of grown with ground water. 
2.2 Wastewater and soil quali ty 
Since water as well as soil used in pot trials have also 
been analysed for their physico-chemical characteristics. 
Therefore, some specific references were also included in the 
present review. 
2.2.1 Quali ty of wastewater 
Rajannan and Oblisami (1979) at Coimbatore (India), 
conducted physio-chemical analysis of paper factory effluent. 
The data revealed that the effluent was alkaline, contained large 
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amount of suspended and dissolved solids, with high BOD and 
COD.Carbonate content, Ca, Mg and chloride concentration was 
also high. 
Overcash and Pal (1980) studied characterisation and land 
application of sea food industry wastewater. According to them^ 
raw wastewater contained substantial amount of plant nutrients 
including nitrogen, phosphorus and calcium. It was concluded 
that soil plant systems were capable of utilizing sea food 
industry wastewater with little or no pre-treatment requirements. 
Ajmal and Khan (1983) at Aligarh (India), analysed sugar 
factory effluent from Aligarh and Bulandshahar for its physico-
chemical characteristics. They reported that effluent was high in 
various solids, COD, BOD, chlorides and sulphates with low 
dissolved oxygen and moderately alkaline pH. 
In an another experiment, they (Ajmal and Khan, 1984a) 
analysed the effluent from Mohan Meakin Breweries Ltd, 
Ghaziabad, U.P., India (MMBL). It was acidic in nature and had 
high BOD and COD due to presence of large amount of solids. 
The effluent was rich in ammonia nitrogen, nitrate nitrogen, 
phosphorus and potassium. In (1984b), they also studied the 
physico-chemical properties of the effluents of Hindustan Lever 
Ltd. (India) and its soap splitting unit. The values of total solids 
NHj-N, NO3-N, COD, BOD, chlorides and sulphates were found 
to be high in both effluents. Considerable amount of P, K, Mg, 
Ca as well as traces of heavy metals viz., Fe, Mn, Cr, Cd, Zn, 
Cu, Co, Pb and Ni were also present. In (1984) at Aligarh, 
Ajmal et al. studied Glaxo Laboratories (India) Ltd effluent 
(GLLE). Their study revealed that GLLE was slightly alkaline 
and had high BOD and COD due to the presence of large amount 
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of solids and was rich in biocarbonates and calcium. Similarly, 
in 1986, Ajmal and Khan, while evaluating the effects of coal-
fired thermal power plant discharges on agricultural soil and 
crop plants, (pea and wheat) also studied its physico-chemical 
characteristics. The effluents were found to be alkaline in 
nature, containing large amount of solids with high BOD and 
COD. 
Somashekar et al. (1984) at Banglore (India), while 
analysing paper factory, an automobile industry, textile factory 
and food and paper industry effluents, reported that effluents 
contained excess BOD, COD, dissolved solids, suspended 
particles, heavy metals and cyanides compared with the ISI 
standards. Somashekar et al. (1992) while analysing the 
distillery effluent, reported that it was acidic and contained 
large amount of dissolved solids and significant amount of 
chlorides, potassium, sulphate and magnesium with high BOD 
and COD values and also oxygen saturation level was low. 
Sahai et al. (1985b) at Gorakhpur (India), reported that 
distillery effluent was highly acidic and contained high amounts 
of calcium, chloride, carbonate, nitrogen and total dissolved 
solids with high BOD. In 1986, Sahai and Srivastava also 
analysed the physico-chemical characteristics of distillery waste 
and reported that effluent was highly acidic and predominantly 
rich in total dissolved solids, biocarbonates, chlorides, calcium 
and nitrogen. Sahai and Srivastava (1988b) conducted physico-
chemical analysis of a fertilizer factory effluent, which revealed 
that effluent was alkaline (pH - 9.0) and was rich in total 
dissolved solids and different forms of nitrogen mainly ammonia 
- N followed by urea nitrogen and nitrate nitrogen. 
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Mukherjee and Sahai (1988) conducted physico-chemical 
analysis of 'Saraya' distillery of Sardarnagar (District 
Gorakhpur, India). Their study revealed that effluent was acidic, 
rich in calcium, chlorides, bicarbonates, total nitrogen and 
organic pollutants, having a high BOD value. 
In 1988, Neelam and Sahai studied fertilizer factory 
effluent. The data revealed that it was highly acidic (pH - 4.5) 
and had large amounts of Ca, CI, HCO3, total dissolved solids 
and organic pollutants. They recommended that effluent may be 
used for irrigation after proper dilution. In an another 
experiment (1989), they reported that distillery effluent was 
highly acidic in nature, containing calcium, chlorides, 
biocarbonates while TDS, CI and BOD was very high exceeding 
the permissible limits. 
Singh and Mishra (1987) at Kanpur (India), evaluated 
fertilizer factory effluent, reported that effluent was highly 
alkaline and contained high amounts of N, Ca, Na, CI, CO3, 
HCO3 as well as suspended and dissolved solids. 
Bahadur and Sharma (1989) at Bareilly (India), reported 
that total dissolved solids (1140 to 2680 mg/1), total suspended 
solids (560 to 730 mg/1), sodium (180 to 290 mg/1), lead (0.6 to 
1.35 mg/1), chromium (0.4 to 0.7 mg/l)^ oil and grease in the 
combined effluent from three industrial units being above their 
maximum recommended tolerance limits. 
Deivasigamani et al. (1989) at Annamalainagar (India)^ 
reported that effluent was alkaline, containing large amount of 
suspended and dissolved solids resulting in high biological and 
chemical oxygen demands. It not only contained nutrients but 
also toxic chemicals. 
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Jabeen and Saxena (1990) at Katrpiif ' j^iidiay^^orted that 
fertilizer factory effluent was highly alkaline^ rich in total 
solids and nitrogen content . The ammonical nitrogen, urea 
nitrogen and calcium were also very high, on the other hand 
distillery effluent was highly acidic, rich in total solids, calcium 
chloride, bicarbonate and total nitrogen. Its biochemical oxygen 
demand was very high indicating the presence of high amounts 
of putrescible organic matter in the effluent. 
Subramanian et al. (1990a) at Annamalainagar (India), 
observed that distillery effluent was acidic in nature and 
contained large amount of suspended and dissolved solids. In an 
another experiment, conducted during the same year (1990b) 
reported that distillery effluent was reddish brown in colour, 
acidic in nature with high amount of suspended and dissolved 
solids resulting in high biochemical and chemical oxygen 
demands. 
Swaminathan and Vaidheeswaran (1991) at Coimbatore 
reported that dyeing factory effluent contained high amounts of 
total, suspended and dissolved solids and significant amounts of 
sodium, potassium, sulphate, nitrate and phosphate. 
Trivedy and Kirpekar (1991) at Karad (India), conducted 
the physico-chemical analysis of dairy waste for evaluating its 
suitability for irrigation. According to them^ dairy wastewater 
was having BOD - 48 mg/1, mean COD - 630.5 mg/1, mean TSS 
- 206.5 mg/1, TDS - 378 mg/1, total kjeldahl nitrogen - 89.95 
mg/ l . lb ta l phosphorus, Na and K contents were 10.84, 72 and 
12.8 mg/1 respectively. 
Inam et al. (1993) reported that oil refinery treated 
effluent was rich in mineral nutrients viz., nitrogen, phosphate. 
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sulphate, chloride, bicarbonate, potassium, sodium, calcium etc. 
but their concentration was within the tolerance limit based on 
Bureau of Indian Standard for irrigation purpose. 
Aziz and Inam (1995) at Aligarh (India), studied the 
wastewater quality of Aligarh city. They found that pH was 
almost neutral but the values for electrical conductivity (EC), 
total dissolved salts, cations (Na" ,^ K* etc.) and anions (CO3", 
HCO3" etc.) were found to be higher than normal standards. Ca^* 
and Mg^ "^  were also present in adequate amounts. The values for 
SAR were far low to cause any harmful effect. In 1996a, Aziz et 
al. studied the quality of petrochemical industry wastewater and 
fresh water and reported that pH of both was almost same but 
higher value of electrical conductivity and COD was noted in 
treated water. Similarly, the concentrations of several inorganic 
ions viz., nitrate, phosphate, potassium, calcium, magnesium 
and sulphate were also high in treated water than fresh water. 
But the concentrations of Na^ and CI" were within the 
permissible limits. The values for TDS, oil and grease as well as 
phenol were also within the permissible limits. 
After studying the physico-chemical properties of 
distillery effluent at Pondicherry (India), Kannabiran and 
Pragasam (1993) reported that the effluent was rich in chlorides, 
phosphates potassium and total solids and was highly acidic 
with high BOD value. 
The physico-chemical analysis of textile mill effluent 
conducted by Vijayarengan and Lakshmanachary (1993) at 
Annamalainagar revealed that effluent was brownish in colour 
and alkaline in nature, rich in various dissolved and suspended 
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solids, biochemical oxygen demand and chemical oxygen 
demand. Chloride, phosphate, sulphate were also present in it. 
The physico-chemical analysis of tannery effluent 
conducted by Karunyal et al. (1994) at Madurai (India), 
revealed that effluent was highly complex, slightly acidic with a 
variety of dissolved cations and suspended particles, with high 
BOD, COD, tanin, Na, Mg and K. The concentration profile of 
Na, Mg and K ions was Na > Mg > K. Copper and iron were not 
detected and the concentration of Zn, Ca, Mn and Pb were low. 
Sharma and Habib (1995) at Bareilly (India) reported that 
rubber factory effluent exhibited high magnitude of pollution 
pH (4.2 - 9.4) showed fluctuations. Other parameters viz., BOD, 
COD, D.O. chloride, free CO2, oil and grease were above the 
tolerance limits. Brownish - black in colour, foul odour, and 
poor transparency indicate poor water quality. TSS, TDS, heavy 
metals like Cr, Pb, Zn, Fe, minerals like Na, K, Ca, Mg, SO4, 
PO4 and total nitrogen indicated organic and inorganic load. 
Singh et al. (1998) also at Bareilly (India) studied the 
physico-chemical parameters of seven water samples taken from 
the vicinity of three factories and reported that pH was in the 
range of 7.73 to 8.65 showing inverse relationship with 
dissolved oxygen content and direct relationship with TDS in 
most of the water samples. TDS varied from 628.20 to 838.30 
mg/1 whereas variation in EC values was observed from 0.59 to 
0.87 |i mhos, 
Hayat et al. (2000) at Aligarh (India), observed that pH of 
refinery wastewater and ground water was almost same. 
Whereas electrical conductivity and chemical oxygen demand of 
58 
refinery waste-water was much higher than that of ground water. 
The level of all inorganic ions was also higher in treated water 
than in ground water. However, the level of sodium was found 
to be 65 mg/1 and did not show any apparent toxicity. Similarly, 
chloride ions were also below the permissible limits. 
2.2.2 Effect of wastewater on soil 
Soil is the medium where crops are cultivated for the use 
of mankind and animals. It provides water, nutrients and 
anchorage to the crop plants and it also acts as natural habitat 
for the many micro and macro organisms. A delicate balance 
therefore, exists among the components of soil like mineral 
matter, organic matter, soil atmosphere, soil water and soil 
organisms including plants and animals. With the increase in 
population, industrialization, urbanization and deforestation, 
soil is detiorating very fast. In addition, use of wastewater in 
agriculture for long period of time or dumping of wastewater 
and solid waste on open land are other reasons for its damage. 
Some of the studies conducted in relation to wastewater 
application and its harmful impact on soil may be mentioned 
here. Ajmal and Khan (1983) with sugar mill effluent in 
Bulandshahar (India), (1984a) with breweries effluent in 
Gaziabad (India), Ajmal et al. (1984) with Glaxo effluent at 
Aligarh (India), Ajmal and Khan (1986) with coal fired thermal 
power plant wastewater at Aligarh, Stomberg et al. (1984) at 
Oregon (USA) with tannery waste, Raza and Murthy (1985) at 
Hyderabad (India) and Jonathan and Wagner (1999) at N. 
Arizona (USA) with paper mill effluent. 
Interestingly, there is sufficient literature available where 
soil is benefited in terms of fertility, porosity and increase in 
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organic matter when industrial effluents were applied. However, 
most of such reports are based on short duration studies ranging 
from 1-3 years of experiments with few exceptions. Mention 
may be made of Sutton et al. (1978) with liquid swine waste, Mc 
Auliffe et al. (1979) in New Zealand with dairy waste, Rajannan 
and Oblisami (1979) at Coimbatore (India) with paper factory 
waste. Wood et al. (1979) in Malaysia with Palm oil mill waste, 
Ajmal and Khan (1985a) at Modinagar (India) with textile 
factory waste, Hemphill et al. (1985) in USA with tannery 
waste, Sharma et al. (1990) at Bhillai (India) with steel plant 
waste and Karunyal et al. (1994) at Madurai with tannery waste. 
Some case reports indicates no damage to the soil like 
Calero et al. (1985) in Cuba, Cepero et al. (1987) in USA, Aziz 
et al. (1994) at Aligarh (India), Palaniswami and Ramulu (1994) 
in Tamil Nadu (India) and Shahalam et al. (1998) in Jordan. 
2.3 NPK nutrition 
Like other crops, mustard and linseed also respond to exogenous 
application of nutrients. In the following pages, relevant and 
recent publications on the response of mustard and linseed to 
various inputs related to the supply, absorption and utilization 
of N, P and K have been reviewed. As the present study was 
planned to evaluate the effect of thermal power plant wastewater 
as source of irrigation water and nutrients with additional doses 
of NPK. Some of the references related to mustard and linseed 
in relation to N, P and K nutrition with special reference to 
work done in India are reviewed only. 
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2,3.1 Effect of NPK on mustard 
Dhillon and Dhillon (1989) in a field trial on raya 
{Brassica juncea ) reported that raya seed yield response to 
applied nitrogen was quadratic in nature. According to them, 
nitrogen application upto 150kg/ha could significantly increase 
both seed and straw yield of raya. They also observed that 
uptake of N, P, K and sulphur increased significantly with 
increasing levels of nitrogen. 
KuUman et al. (1989) observed that in oil seed rape 
{Brassica napus L.) leaf calcium decreased but phosphorus 
concentration was unaffected by increasing nitrogen nutrition 
whereas potassium concentration increased upto 100 ppm N as 
did leaf Mg after bloom stage and at 34 days before bloom. P, 
Ca, Mg concentration in root declined but K concentration was 
unaffected when nitrogen supply was increased. At 10 and 44 
days after bloom, P concentrations in the roots, stem and 
branches increased with N supply. Whereas K, Ca, Mg 
concentrations did not respond. 
Mohan and Sharma (1992) conducted a field experiment 
during winters of 1984-85 and 1985-86 on Indian mustard 
(Brassica juncea (L.) Czern & Coss.). They found that plant 
height, secondary branches, dry matter per plant increased 
significantly upto 75kg N/ha and functional leaves, leaf area 
index and primary branches per plant upto 100kg N/ha. 
According to them nitrogen at the rate of 75kg/ha gave 
respectively net income and benefit cost ratio of Rs. 6, 998/ha 
and 2.07 during the first year, and Rs. 6,899/ha and 2.04 during 
the second year. 
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Ram et al. (1992) studied the effect of five fertilizer 
levels on the seed yield and its attributes of toria {Brassica 
campestris) in field experiments conducted during the rabi 
seasons'of 1987-88, 1988-89 and 1989-90. They observed that 
application of different rates of N, P2O5 and K2O significantly 
affected the seed yield. The highest yield they obtained due to 
Ngo, P2O5 - 40 and K2O - 30kg/ha application was 13.13q/ha, 
7.83q/ha and 9.79q/ha of toria (var. Lotni) and 13.25q/ha, 
7.25q/ha and l l . lOq/ha of toria (var. T-9) in successive years. 
Net profit as well as cost benefit ratio for this fertilizer 
combination were also noted higher for both the varieties in all 
the three years. 
Tomer et al. (1992) studied the effect of irrigation and N, 
P, and K on growth and yield of mustard {Brassica juncea (L.) 
Czern & Coss.) in a two year field trial during 1984-85 and 
1986-87. They found that growth and yield attributes and yield 
increased significantly with an increase in level of irrigation 
and NPK. According to them number of branches, dry matter 
accumulation per plant and seed yield per hectare were 
maximum with 120, 60 and 60kg N, P2O5, K20/ha when two 
irrigations were applied, whereas oil content was the highest 
under no irrigation and fertilization. Tomer et al. (1996) in 
another field trial conducted during 1988-90 studied the 
response of Indian mustard {Brassica juncea (L.) Czern & 
Coss.) varieties to NPK levels. They observed that plant height, 
number of branches, dry matter accumulation per plant, number 
of siliquae per plant, 1000 seed weight, seed and oil yield per 
hectare increased significantly with increasing levels of 
fertilization upto 120kg N + 60kg P2O5 + 60kg K20/ha. 
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Arthamwar et al. (1996) reported that in mustard 
(Brassica juncea L.), N and P contents and also their uptake in 
leaf, stem and seed increased upto 80kg P/ha and 100kg N/ha 
respectively. They also reported that grain and dry matter yields 
increased progressively with every higher level of nitrogen from 
0, 50 and lOOkg/ha and phosphorus 0, 40 and 80kg/ha. Total dry 
matter accumulation per plant through leaf, stem and siliqua was 
enhanced due to nitrogen and phosphorus application upto 100 
and SOkg/ha respectively. 
Gurjar et al. (1996) reported that variety Pusa Bold of 
mustard at 30cm spacing with 75kg N and 50kg P205/ha 
produced the highest yield of I823kg/ha without any adverse 
effect on quality characters. 
Kumar et al. (1996) conducted the experiment during rabi 
seasons of 1992-93 and 1993-94 to evaluate the variation in oil 
content and yield of six Brassica genotypes as influenced by 
varying nitrogen levels. They observed that seed yield and oil 
yield increased but the oil content decreased with increasing 
levels of nitrogen. 
Patil et al. (1996) raised Brassica Juncea cv. Pusa Bold, 
and Brassica campestris cv. Pusa Kalyani under field conditions 
with varying levels of nitrogen supply from 0-120kg N/ha and 
throughout the crop ontogeny, they measured the production 
profile of branches and pods thereon on per unit area basis. 
After recording the data on yield contributing characters viz., 
pod dry weight, pod number, seed number per pod, 1000 seed 
weight, seed wall ratio and seed yield in different order 
branches at maturity, reported that branching pattern and the 
number of pods produced on different order branches in the two 
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species was favourably modified by the increasing levels of 
nitrogen supply and primary and secondary branches contributed 
to the yield to an extent of 80% of the total yield. According to 
them, nitrogen treatment had no significant effect on 1000 seed 
weight, nitrogen supply upto 120kg N/ha linearly increased the 
seed yield in both the species. However, it exerted a negative 
effect on partitioning of assimilates from pod wall to seed. 
Khafi et al. (1997) studied the response of 'Kranti ' , Indian 
mustard (Brassica Juncea (L.) Czern & Coss.) to nitrogen, 
phosphorus and foliar applied agro-chemicals in experiments 
conducted during rabi seasons of 1988-89 and 1989-90 and 
observed that nitrogen significantly increased yield attributes 
and yield upto the highest level of 80kg N/ha and they also 
found that application of 30kg P205/ha significantly improved 
yield attributes, seed and stover yields. 
Trivedi and Sharma (1997) after conducting field trial 
during winter seasons of 1993-94 and 1994-95 at Gwalior on 
mustard, reported that higher dose of nitrogen resulted in 
decrease of oil content in seeds. 
Aulakh and Pasricha (1998) in a field experiment on 
mustard (Brassica napus) conducted for four years (1990-91 to 
1993-94), reported that yield of mustard increased significantly 
upto 100kg N/ha but decreased thereafter with further increase 
in nitrogen fertilizer rate (150kg N/ha). 
Brar et al. (1998) carried out a field investigation during 
1992 and 1993 on gobhi sarson {Brassica napus L.) sp. Oleifera 
in a split plot design with four dates of sowing (30 
October, 15 November, 30 November and 15 December) in 
the main plots and three nitrogen levels (100, 150 
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and 200kg/ha) with combination of three planting geometry 
pattern (45cm x 10cm, 45cm x 5cm and 22.5cm x 10cm) in sub-
plots Zifter which they reported that all the growth and yield 
attributes along with seed, oil and straw yields increased 
significantly upto 200kg N/ha. 
Dwivedi et al. (1998) conducted an experiment during 
winter seasonsof 1989-90 and 1990-91 to study the effect of row 
spacing and fertility levels on yield of toria. They reported that 
application of 90, 60, 30 NPK kg/ha produced highest mean seed 
yield of 617.5kg/ha and net income of Rs 1763/ha closely 
followed by 60:40:20 NPK kg/ha which yielded 526.5kg/ha with 
net income of Rs. 1220/ha. 
Joshi et al. (1998) in a field experiment studied the effects 
of nitrogen and sulphur on fatty acid composition and yield of 
mustard {Brassica juncea ) . They reported that increasing levels 
of nitrogen decreased the oil content . Linoleic and Linolenic 
acid were maximum i.e. 16.82% and 8.73% respectively with 
60kg N along with 40kg S/ha. They also reported that no use of 
fertilizer led to higher contents of undesirable fatty acids such 
as palmitic and erucic acids. 
Patel and Thakur (1998) observed that seed, oil and 
protein yield of toria {Brassica campestris L.) was significantly 
influenced by different levels of nitrogen and phosphorus over 
control. According to them 60kg N/ha and 40kg P205/ha 
produced significantly higher seed, oil and protein yield over 20 
and 40kg N and 20kg P205/ha and with further increase in N 
and P levels i.e. 80kg N and 60kg PaOs/ha didn't produced any 
significant increase in seed, oil and protein yield. 
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Ram and Pareek (1999) after studying the effect of 
phosphorus, sulphur and PSB on growth and yield of mustard in 
a field experiment conducted during rabi season of 1996-97^ 
reported that application of 15kg PaOs/ha significantly increased 
plant height, dry matter accumulation/meter row, number of 
siliquae/plant, seeds/siliqua, length of siliqua and test weight 
over control but number of primary and secondary branches 
were superior with 30kg P205/ha. The seed and stover yields 
were enhanced significantly due to P fertilization at 30kg/ha 
over control and 15kg 
2.3.2 Effect of NPK on linseed 
Koshta and Battawar (1981) conducted a field experiment 
on linseed (oil seed flax) in which they applied nitrogen at the 
rate of 0, 30, 60 and 90kg/h2l« Increase in yield was noted 
upto 60kg N/ha. No further increase was observed at the higher 
dose (90kg/ha). 
Samiullah et al. (1982) studied the effect of five levels of 
phosphorus, viz., 0, 50, 100, 150 and 200kg P205/ha (0, 21.8, 
43.7, 65.5 and 87.3kg P/ha) along with a uniform dose of 100kg 
N and 25kg K20/ha on linseed. They observed that most of the 
yield parameters including seed yield, exhibited a linear 
response to phosphorus application. However, 65.5kg P/ha 
proved optimum for number of capsules per plant and seed yield 
whereas 87.3kg P/ha was required for maximising the number 
and weight of seeds per capsule. 
Tomar et al. (1985) applied three fertility levels viz., 0 + 
0 + 0, 30 + 20 + 10 and 60 + 40 + 20kg N + P + K/ha in a field 
experiment on linseed cv. Pratima (SPS 23-10). They found that 
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growth and yield attributes including seed yield was increased 
significantly with increasing fertility levels. 
Mahajan et al. (1986) in a field experiment studied the 
effect of four levels of nitrogen (0, 25, 50 and 75kg N/ha) along 
with a uniform basal dose of 25kg P2O5 (10.9kg P)/ha on growth 
and yield of linseed. They found that branches per plant, dry 
matter per plant, weight of capsules per plant and grain yield 
were linearly affected by nitrogen application, with 50kg N/ha 
proving optimum for most of the parameters. However, 25kg 
N/ha proved optimum for straw yield. 
Dwivedi and Patel (1987) reported that application of 
60kg N/ha proved best for yield attributes including seed yield 
in five cultivars of linseed, viz., LHCK-21, LHCK-39, LHCK-
69, LHCK-172 and Neelam after studying the effect of four 
levels of nitrogen viz., 0, 30, 60 and 90kg N/ha along with a 
uniform dose of 30kg P2O5 (13.1kg P) and 20kg K2O (16.5kg 
K)/ha. 
Raghuwanshi et al. (1987) conducted a field trial in which 
they studied the effect of three levels of nitrogen viz., 0, 40 and 
60kg N/ha along with a uniform dose of 17.6kg P and 16.8kg 
K/ha on growth and yield of linseed cv. ILS252. It was found 
that the growth and yield parameters, including dry matter and 
seed yield increased significantly with increasing levels of 
nitrogen. 
Sharma and Roy (1987) reported that application of 45kg 
N + 13.1kg P + 24.9kg K/ha proved best for number of 
branches, capsules per plant, seeds per capsule and 1000 seed 
weight. However, the highest fertility level i.e. 67.5kg N + 
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19.6kg P + 37.3kg K/ha enhanced seed and straw yield 
maximally. 
Rafey et al. (1988) studied the effect of five levels of 
nitrogen (0, 20, 40, 60 and 80kg N/ha) and three levels of 
phosphorus viz., 0, 20 and 40kg PjOs/ha (0, 8.7 and 17.5kg 
P/ha) on yield and yield parameters of linseed cv. T-397. They 
reported that for number of primary branches, number of capsule,? 
per plant and seed yield, nitrogen at 40kg/ha proved best 
whereas oil content was maximum in no fertilizer control. 
However, application of phosphorus affected capsules per plant 
and number of seeds per capsule only. 
Aulakh et al. (1989) in field trials from 1981-87 studied 
the effect of nitrogen, phosphorus and sulphur fertilizers on 
quality of linseed and observed in one of their experiments that 
application of fertilizers upto 60kg N, 40kg P2O5 and 30kg S/ha 
maximized the crop yield, % oil and oil production, 
decreased the percentage of stearic acid, oleic acid and linoleic 
acid but increased that of linolenic acid by accelerating the 
metabolic pathway of linolenic acid synthesis. 
Jain et al. (1989) reported that increasing levels of 
nitrogen increased growth and yield characters, like plant 
height, number of primary and secondary branches per plant, 
number of seeds per capsule, 1000 seed weight and seed yield 
linearly after studying the effect of four levels of nitrogen (0, 
20, 40 and 60kg N/ha) and three levels of phosphorus, viz., 0, 
15 and 30kg P2O5 (0, 6.5 and 13.1kg P)/ha on linseed. A similar 
trend was noted for the effect of phosphorus on few characters, 
including plant height and seed yield. 
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Khurana et al. (1989) after studying the effect of four 
nitrogen levels (0, 15, 30 and 45kg N/ha) and three levels of 
phosphorus viz., 0, 10 and 20kg P2O5 (0, 4.4 and 8.7kg P/ha) on 
linseed cv. T-397, reported that application of increasing levels 
of nitrogen increased plant height, number of branches per 
plant, capsules per plant, seeds per capsule, test weight and seed 
yield and also application of phosphorus at the rate of 4.4kg 
P/ha (10kg P2O5) gave maximum seed yield and 8.7kg P/ha gave 
maximum oil content. A beneficial effect of nitrogen on oil 
content was however, noted upto 30kg N/ha only. 
Yadav et al. (1990) after studying the effect of four levels 
of nitrogen (0, 30, 60 and 90kg N/ha) and three levels of 
phosphorus viz., 0, 15 and 30kg P2O5 (0, 6.5 and 13.1kg P)/ha 
on linseed reported that increasing levels of nitrogen upto 60kg 
N/ha increased yield attributing parameters, including seed yield 
and further increase in nitrogen had no significant effect. They 
also observed that capsules per plant and oil content were 
increased linearly with increase in application rate of 
phosphorus (0, 15, 30kg/ha) whereas nitrogen had no significant 
effect on oil content and for seed yield application of 6.5kg P/ha 
proved optimum. 
Chaubey et al. (1992) studied the effect of graded levels 
of nitrogen (0, 40 and 80kg N/ha), phosphorus (0, 25 and 50kg 
PaOs/ha) and sulphur (0, 30 and 60kg S/ha) on linseed cv. 
Garima. They found that seed yield and protein content of seed 
increased with increasing levels of nitrogen. Regarding oil 
content, it was found that nitrogen decreased it, while 
phosphorus and sulphur increased it. In 1995, Chaubey and 
Dwivedi observed that application of 80kg N + 21.8kg P/ha gave 
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the maximum seed and straw yield in linseed cv. Garima after 
studying the effect of three levels, each of nitrogen (0, 40 and 
80kg N/ha), phosphorus viz., 0, 25 and 50kg P2O5 (0, 10.9 and 
21.8kg P/ha) and sulphur. 0, 30 and 60kg S/ha on it. In yet 
another experiment (1995), Dwivedi and Chaubey reported that 
application of phosphorus at the rate of 50kg P2O5 (21.8kg P/ha) 
or sulphur at 60kg/ha gave maximum oil content in seed of 
linseed. 
Patidar and Lai (1992) after studying the effect of four 
levels of nitrogen (0, 20, 40 and 60kg N/ha) along with a 
uniform basal dose of 40kg P205/ha on three cultivars of 
linseed, namely Chambal, T-397 and RL 102-71 reported that 
application of 40kg N/ha was optimum for capsules per plant, 
seeds per capsule, test weight and seed yield. However, 60kg 
N/ha proved maximum for straw yield. 
Pawar et al. (1992) applied five levels of nitrogen viz., 0, 
15, 30, 45 and 60kg N/ha in a field experiment on linseed 
cultivars, namely C429, SPS 23-10 and SPS 49-2. They found 
that nitrogen at the rate of 45kg/ha was reported to be optimum 
for most of the yield parameters, including seed yield. 
Reddaih et al. (1993) applied four levels of nitrogen viz., 
0, 40, 80 and 120kg N/ha along with a uniform dose of 25kg P 
and 30kg K/ha to linseed cv. LH-1. They observed that 
application of nitrogen reduced the oil content of seed. They 
also reported that increasing levels of nitrogen upto 80kg/ha 
increased significantly most of the growth and yield characters 
including seed and oil yield. 
Singh et al. (1993) performed a field experiment on 
linseed, in which they applied two fertility levels viz., a no 
fertilizer control and 30kg N + 20kg P2O5 (8.7kg P)/ha. They 
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observed that application of 30kg N + 8.7kg P/ha improved 
plant height, number of capsules per plant, seeds per capsule 
and seed yield over the no fertilizer control. 
Vashishtha (1993) studied the effect of four levels of 
nitrogen (0, 40, 80 and 120kg N/ha) and three levels of 
phosphorus viz., 0, 20 and 40kg P2O5 (0, 8.7 and 17.5kg P) on 
linseed. He found that increasing levels of nitrogen and 
phosphorus increased capsules per plant, seeds per capsule, seed 
yield per plant and seed yield per hectare and the combination 
of 80kg N + 17.5kg P/ha was found to be optimum. He observed 
that maximum uptake of nitrogen and phosphorus was by the 
application of highest doses of nitrogen and phosphorus and 
maximum uptake of nitrogen was observed at 80kg N + 17.5kg 
P/ha. Nitrogen 40kg/ha proved superior to other treatments for 
oil content and iodine value. 
Vyas et al. (1993) reported that seed yield was increased 
linearly upto 60kg N/ha and phosphorus upto 13.1kg/ha in 
linseed cv. R-17 after applying four levels of nitrogen,0, 30, 60 
and 90kg N/ha and three levels of phosphorus, viz., 0, 15 and 
30kg P2O5 (0, 6.5 and 13.1kg P)/ha to it. 
Dixit et al. (1994) applied four levels of nitrogen, viz., 0, 
30, 60 and 90kg N/ha along with 20kg P2O5 and 20kg KzO/ha 
for studying their effect on three linseed varieties namely, 
Jawahar 23, Kiran and R552. They found that maximum seed 
yield and net return resulted from the application of 90kg N/ha. 
However, other characters, like plant height, branches per plant, 
number of capsules per plant, number of seeds per capsule and 
1000 seed weight were not affected by nitrogen application. 
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Dubey and Singh (1994) reported that capsules per plant, 
1000 seed weight, seed yield per plant and seed and straw yield 
per hectare in linseed cv. Neelam were enhanced linearly with 
successive levels of nitrogen after studying the effect of three 
levels of nitrogen (0, 50 and 100kg N/ha) along with a basal 
dose of 40kg P2O5 (17.5kg P/ha) on it. 
Samui et al. (1995) reported that plant height, capsules 
per plant, 1000 seed weight, seed and oil yield increased 
linearly with increasing doses of nitrogen after studying the 
effect of three levels of nitrogen, viz., 0, 40 and 80kg N/ha 
along with a uniform basal dose of 40kg P2O5 (17.5kg P)/ha and 
20kg K2O (16.6kg K)/ha on growth and yield attributes of 
several linseed cultivars. 
Khare ei al. (1996) while working on the effect of 
nitrogen application (0, 15, 45 and 60kg N/ha) and row spacing 
on rainfed linseed cv. R-522 reported that increasing levels of 
nitrogen upto 45kg N/ha increased the seed yield. 
Sarode et al. (1997) reported a positive significant 
correlation between nitrogen levels and seed and oil yield, 
uptake of N, P, K and some other essential nutrients and a 
negative correlation with oil content, on the other hand, 
phosphorus fertilization had a positive correlation with oil 
content after studying the effect of graded levels of nitrogen (0, 
20, 40 and 60kg N/ha) and phosphorus, 0, 30 and 60kg PaOs/ha 
(0, 13.1 and 26.2kg P/ha) on linseed cv. 429. 
Singh et al. (1998) studied the effect of two fertility levels 
viz., 90kg N + 30kg P + 20kg K/ha and 112.5kg N + 37.5kg P + 
25kg K/ha on fibre quality of dual purpose linseed cv. Jeevan 
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(DLP-21). They reported that higher fertility level enhanced 
retted stalk, yield, fibre length and fibre content. 
Tomar et al. (1999) after conducting field studies in black 
clay loam soils of Madhya Pradesh reported that seed yield 
increased with increasing levels of nitrogen ranging from 0 -
90kg N/ha. Also, nitrogen application increased protein and 
phosphorus in linseed but effect on 'sulphur content' of linseed 
was non-significant. 
2.4 Conclusion 
From the review, it may be noted that in view of its late 
recognition as a potential resource for irrigation, wastewater 
needs more attention for proper exploitation as a substitute of 
ground water because 
1. Easy availability and low cost. 
2. Economical disposal to prevent pollution and sanitary 
problem. 
3. Effective use of manurial ingredients present in it. 
4. Economization of inorganic fertilizers. 
5. Importance of oil in Indian food and its commercial use. 
Therefore, thermal power plant wastewater, after a 
thorough review was tested on mustard and linseed as both crops 
are commonly grown in and around Aligarh,to determine its 
suitability in augmenting oil production. 
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CHAPTER-3 
MATERIALS AND METHODS 
To obtain the aims and objectives mentioned earlier (Chapter 
1), six pot experiments were conducted in the net house of 
Environmental Plant Physiology, Botany Department, Aligarh 
Muslim University, Aligarh, India during "rabi" (winter) seasons 
of 1998 - 2001. Three experiments on mustard (Brassica juncea 
L.) and three on linseed (Linum usitatissimum L.) were irrigated 
with wastewater (Thermal Power Plant discharge) and the ground 
water supplemented with different basal doses of nitrogen and 
phosphorus along with a uniform dose of potassium under local 
agro-climatic conditions. 
3.1 Agro-climatic conditions 
Aligarh has an area of 5,024 sq km and is situated at 27°52'N 
latitude, 78°5rE longitude and 187.45m altitude above the sea 
level. It is situated in Western Uttar Pradesh of Northern India and 
is 135km away from New Delhi, the capital city of India. It has 
semi arid and sub tropical climate with very hot dry summers and 
intense cold winters. The winter extends from middle of October 
to the end of March. The mean temperature for December and 
January, the coldest months, ranges between 13°C - 15°C. 
Sometimes it may go as low as 0.5°C to 2°C. The summer extends 
from April to the end of June. In this season, a gradual increase in 
temperature which attains its peak, sometimes in the month of 
June upto 46°C to 47°C. 
The average annual rainfall remains upto 647.3mm. More 
than 85% of the total rainfall occurs during June to September and 
some 10% in the winter. Winter showers are very useful for rabi 
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crops but they are sometimes accompanied with high wind velocity 
and hailstorm which may damage the crops grown. Aligarh district 
has the same soil composition and appearance as that found 
generally in Western U.P. Different types of soils such as sandy, 
loamy, sandy loam and clay loam are found in the district. The soil 
used for these experiments was sandy loam. 
3.2 Preparation of pots 
Before the start of each experiment, earthen pots of 10" 
diameter were filled with soil, which had been mixed thoroughly 
with sufficient quantity of farmyard manure to maintain the 
fertility of soil. Before each sowing, one light application of 
ground water was given to provide necessary moisture for 
germination. 
3.3 Seed treatment 
The seeds were procured from lARI, New Delhi and were 
surface sterilized with absolute alcohol, kept in shade for 
sometime and were then sown in earthen pots meant for the 
experiments. 
3.4 Pot experiments 
The following pot experiments were conducted according to 
the scheme of treatments (Tables 1-6). Experiments 1 and II were 
conducted in the rabi season of 1998 - 99, Experiments 111 and IV 
in the rabi season of 1999 - 2000 while the Experiments V and VI 
in the rabi season of 2000 - 2001. 
3.4.1 Experiment I (mustard) 
This experiment was conducted to compare the effect of 
wastewater (WW) and ground water (GW) and of four doses of 
nitrogen (Table 1) on growth, leaf N, P and K contents, 
physiological, yield and quality parameters of mustard (Brassica 
Table 1. Scheme of treatments given in Experiment I. 
Treatments 
Nitrogen 
(kg/ha) 
T, 
T2 
T3 
T4 
Irrig 
Wastewater 
No 
N40 
N60 
Ngo 
ation water 
Ground water 
No 
N40 
N60 
Ngo 
Note:- Uniform basal dose of phosphorus and potassium at the rate 
of 30kg/ha each was given at the time of sowing. 
Models of analysis of variance (ANOVA) for Experiment I 
Simple randomised design 
Source of 
variation 
df SS MSS f. value Sig. 
Replications 
Treatments 
Error 
Total 
2 
7 
14 
23 
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juncea L.). Doses of nitrogen were selected on the basis of earlier 
studies conducted at Aligarh and elsewhere. Wastewater used for 
irrigation was collected from the outlet of leachate reservoir of 
"Harduaganj Thermal Power Plant" situated 14 kilometres away 
from Aligarh (Fig.l) and tap water without any treatment was used 
as source of ground water. The design of the experiment was 
simple randomised (CRBD) with three replications. Four doses of 
nitrogen viz.. No, N40, Neo, Ngo were supplemented with a uniform 
basal dose of phosphorus and potassium at the rate of 30kg/ha at 
the time of sowing. Urea, single super phosphate and muriate of 
potash were used as a source of nitrogen, phosphorus and 
potassium respectively. Sowing and harvesting was done on 4 
November and 25* March respectively. At the time of sowing, 
seed rate per pot was maintained at 10 and weeding was done, 
whenever necessary. Six pots containing three plants each were 
maintained for each treatment to be used for three samplings and 
harvest. 
3.4.2 Experiment II (linseed) 
The experiment was conducted simultaneously with 
Experiment I to study the comparative effect of wastewater and 
ground water and four doses of nitrogen (Table 2) selected on the 
basis of earlier findings, on growth, leaf N, P and K contents, 
yield and quality parameters of linseed (Linum usitatissimum L.). 
The design of the experiment was also simple randomised (CRBD) 
with three replications. The sources of wastewater and ground 
water used for irrigation were same as in the Experiment 1. At the 
time of sowing, a uniform basal dose of phosphorus and potassium 
at the rate of 30kg/ha was applied along with four nitrogen 
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Table 2. Scheme of treatments given in Experiment II 
Treatments 
Nitrogen 
(kg/ha) 
Ti 
T2 
T3 
T4 
Irrigation 
Wastewater 
No 
N45 
N68 
N90 
water 
Groi Lind water 
No 
N45 
N68 
N90 
Note:- Uniform basal dose of phosphorus and potassium at the rate 
of 30kg/ha each was given at the time of sowing. 
Models of analysis of variance (ANOVA) for Experiment II 
Simple randomised design 
Source of 
variation 
df SS MSS f. value Sig. 
Replications 
Treatments 
Error 
Total 
2 
7 
14 
23 
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treatments viz. No, N45, Neg and N90. The sowing and harvesting 
was done on 1st November 1998 and 30*** March 1999 respectively. 
Seed rate per pot and sources of nitrogen, phosphorus and 
potassium were same as in Experiment I. Six pots per treatment 
were maintained, three for the observation of growth parameters 
and remaining three for yield related parameters. 
3.4.3 Experiment III (mustard) 
This experiment was conducted in the following "rabi" 
season (1999 - 2000). The aim of the experiment was to study 
further the comparative effect of wastewater and ground water and 
combined effect of three nitrogen and phosphorus doses on 
growth, leaf N, P and K contents, physiological, yield and quality 
parameters of mustard {Brassica juncea L.). The three nitrogen 
doses were Ngo (based on Experiment 1), half of Ngo ( i e . N40) and 
No whereas three phosphorus doses were Po, P30 and Peo- These 
fertilizer doses were applied in five combination.? viz., NQPO, 
N40P30, N40P60, NgoPso and NgoPeo and each combination was given 
with both ground water as well as waste water (Table 3). A 
uniform basal dose of potassium at the rate of 30kg/ha was also 
applied at the time of sowing. The design of the experiment was 
simple randomised (CRBD) with three replications. Urea, single 
super phosphate and muriate of potash were used as sources of 
nitrogen, phosphorus and potassium respectively. The agricultural 
practicesjike sowing, seed rate per pot, sources of irrigation water 
and harvesting were same as in Experiment l . fhe crop was sown 
on 30th October, 1999 and harvested on 22nd March, 2000. 
3.4.4 Experiment IV (linseed) 
This experiment was carried out together with Experiment 
III. The aim of the experiment was to study the comparative effect 
Table 3. Scheme of treatments given in Experiment III 
Treatments 
Nitrogen/Phosphorus 
(kg/ha) 
T, 
T2 
T3 
T4 
T5 
Irrigation 
Wastewater 
NoPo 
N40P30 
N40P60 
N80P30 
NgoPeo 
water 
Ground water 
NoPo 
N40P30 
N40P60 
N80P30 
NgoPeo 
Note:- Uniform basal dose of potassium at the rate of 30kg/ha was 
given at the time of sowing. 
Models of analysis of variance (ANOVA) for Experiment III 
Simple randomised design 
Source of 
variation 
df SS MSS f. value Sig. 
Replications 
Treatments 
Error 
Total 
2 
9 
18 
29 
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of wastewater and ground water and combined effect of three 
doses of nitrogen and phosphorus on the performance of linseed 
(Linum usitatissimum L.)- A uniform basal dose of potassium at 
the rate of 30kg/ha was also applied at the time of sowing. The 
three doses of nitrogen and phosphorus were No, Neg, N90 and PQ, 
P305 Peo respectively based on the findings of experiment II and 
were given in five combinations and each was applied with both 
ground water as well as wastewater. The different combinations 
were NQPO, NegPso, NegPeo, N90P30 and N90P60 (Table 4). As in 
earlier experiments wastewater was obtained from leachate 
reservoir of Harduaganj Thermal Power Plant and tap water was 
used as a source of ground water. The design of the experiment 
was also simple randomised (CRBD) with three replications. Urea, 
single super phosphate and muriate of potash were used as a 
source of nitrogen, phosphorus and potassium respectively. The 
agricultural practices adopted were also same as in Experiment II. 
The crop was sown on 4*"^  November 1999 and harvested on 1*' 
April 2000. 
3.4.5 Experiment V (mustard) 
This experiment was conducted during the rabi season of 
2000 - 2001 to study the comparative effect of two irrigation 
waters and three nitrogen and two phosphorus doses (based on 
earlier experiments) on the performance of mustard (Brassica 
juncea L.). The three nitrogen and two phosphorus doses were Neg, 
N90, N112 and P30, Peo respectively given in six combinations viz., 
.N68P30, N90P30, N112P30, N68P60, N90P60 and NinPeo and each 
combination as in earlier experiments was given with both ground 
water as well as wastewater (Table 5). A iinif^i-m basal dose of 
.Niifis A sad ^Jr**^ 
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Table 4. Scheme of treatments given in Experiment IV 
Treatments 
Nitrogen/Phosphorus 
(kg/ha) 
T, 
T2 
T3 
T4 
T5 
Irrigation water 
Wastewater 
NoPo 
N68P30 
NfigPeo 
N90P30 
N90P60 
Ground water 
NoPo 
NegPso 
NggPeo 
N90P30 
N90P60 
Note:- Uniform basal dose of potassium at the rate of 30kg/ha was 
given at the time of sowing. 
Models of analysis of variance (ANOVA) for Experiment IV 
Simple randomised design 
Source of 
variation 
df SS MSS f. value Sig. 
Replications 
Treatments 
Error 
Total 
2 
9 
18 
29 
Table 5. Scheme of treatments given in Experiment V 
Treatments 
Nitrogen/Phosphorus 
(kg/ha) 
T, 
T2 
T3 
T4 
T5 
T6 
Irrigation 
Wastewater 
NfigPao 
NegPeo 
N90P30 
N90P60 
N112P30 
N112P60 
water 
Ground water 
N68P30 
N68P60 
N90P30 
N90P60 
N112P30 
N , , 2 P 6 0 
Note:- Uniform basal dose of potassium at the rate of 30kg/ha was 
given at the time of sowing. 
Models of analysis of variance (ANOVA) for Experiment V 
Simple randomised design 
Source of df SS MSS f. value Sig! 
variation 
Replications 2 
Treatments 11 
Error 22 
Total 35 
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potassium at the rate of 30kg/ha was also applied at the time of 
sowing. 
The design of the experiment was simple randomised 
(CRBD) with three replications. Source of irrigation waters, 
nitrogen, phosphorus and potassium and also the other agricultural 
practices were same as in Experiments I and 111. The crop was 
sown on 28th October 2000 and harvested on 18th March 2001. 
3.4.6 Exper iment VI (linseed) 
This experiment was conducted simultaneously with 
Experiment V to study the comparative effect of wastewater and 
ground water and of three nitrogen and two phosphorus doses, 
based on earlier experiments, on growth, leaf N, P and K contents, 
yield and quality parameters of linseed {Linum usitatissimum L.). 
The different nitrogen and phosphorus combinations were NegPso, 
N90P30, N112P30 and N68P60, N90P60, N112P60 given with both ground 
water as well as wastewater (Table 6). A uniform basal dose of 
potassium at the rate of 30kg/ha was applied at the time of sowing. 
The design of this experiment was also simple randomised (CRBD) 
with three replications. The agricultural practices adopted were 
same as in Experiments 11 and IV conducted on linseed. The crop 
was sown on 28th October 2000 and harvested on 20th March 
2001. 
3.5 Sampling of mater ials 
The samples of soil were collected before sowing, in each 
experiment while the samples of water were collected at an 
interval of 45 days and that of plant material at vegetative, 
flowering, fruiting stages and finally at harvest. 
3.5.1 Sampling of soil 
For this, the soil which had been collected from agricultural 
Table 6. Scheme of treatments given in Experiment VI 
Treatments 
Nitrogen/Phosphorus 
(kg/ha) 
T, 
T2 
T3 
T4 
T5 
T6 
Irrigation water 
Wastewater 
N68P30 
NegPeo 
N90P30 
N90P60 
N , , 2 P 3 0 
NnaPeo 
Ground water 
NegPso 
NegPeo 
N90P30 
N90P60 
N112P30 
N112P60 
Note:- Uniform basal dose of potassium at the rate of 30kg/ha was 
given at the time of sowing. 
Models of analysis of variance (ANOVA) for Experiment VI 
Simple randomised design 
Source of 
variation 
df SS MSS f. value Sig. 
Replications 
Treatments 
Error 
Total 
2 
11 
22 
35 
79 
farm for pot filling was first thoroughly mixed with farmyard 
manure. For obtaining a composite sample, small quantity of 
mixed soil was taken and then kept in polythene bags with 
description and identification for analysis. 
3.5.2 Sampling of water 
Samples of both ground water (GW) and wastewater (WW) 
were collected after every 45 days for analysis. The wastewater 
used for irrigation was collected in plastic jerry canes from 
Harduaganj Thermal Power Plant, located at a distance of 14kms 
from Aligarh and transported to Environmental Plant Physiology 
Laboratory, Department of Botany, Aligarh Muslim University, 
Aligarh, India. Whereas tap water, which was supplied as ground 
water was also analysed simultaneously with wastewater for its 
various physico-chemical characteristics. For analysis the water 
samples were kept at low temperature (4°C) and analysis was 
completed within 24h of sampling. 
3.6 Soil analysis 
The soil sample was grounded by means of mortar and pestle 
and then passed through '2mm' sieve for determining the 
following physico-chemical properties (Table 7). 
3.6.1 pH 
An important chemical property of the soil as medium for 
plant growth is its pH value. Because the essential ions that enter 
into the plant are highly dependent upon the hydrogen ion 
concentration of soil solution. pH of the soil sample was 
determined by pH meter. To 20g of soil, 40ml of double distilled 
water was added and shaken thoroughly. After 30 minutes, pH of 
the suspension was observed. Before reading, pH meter was 
calibrated with a standard buffer of known pH (Jackson, 1973). 
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3.6.2 Cation exchange capacity (CEC) 
CEC of the sample was determined by the method of 
Ganguly (1951). To lOg soil, 0.2N HCl was added till soil became 
acidic. It was shaken for 30 minutes, then filtered and washed with 
distilled water, till it became free from chloride ions, which was 
checked with AgNOs. The residue was transferred from the filter 
paper to a beaker and a suspension of known concentration was 
prepared. It was then treated with 10ml of standard KCl solution, 
shaken for 30 minutes and left for overnight. It was titrated with 
O.IN NaOH (Appendix), using phenolphthalein as an indicator. 
From the amount of sodium hydroxide required, the cation 
exchange capacity of the soil samples was calculated as follows:-
Volume of 0. IN NaOH x N of NaOH 
CEC = -
Weight of the soil sample 
3.6.3 Total organic carbon 
It was estimated according to the method given by Walkley 
and Black (1934). 2g of soil was taken in a 500ml conical flask. 
To this, 10ml of IN potassium dichromate solution (Appendix) and 
20ml of concentrated sulphuric acid were added. After shaking for 
about 2 minutes, the flask was left as such for about 30 minutes 
for the mixture to react. Then 200ml of distilled water, 10ml of 
ortho-phosphoric acid (85%) and Iml of diphenyl amine indicator 
(Appendix) were added. A deep violet colour was developed, 
which was titrated against 0.5N ferrous ammonium sulphate 
solution (Appendix) till the colour changed to purple and finally 
green. Simultaneously, a blank was also run without soil sample. 
Percentage of organic carbon was calculated as follows: 
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Blank Actual 
Percent of titre x titre 
organic carbon = x 0.003 x 100 x N 
Weight of dry soil in g 
where, N is the normality of ferrous ammonium sulphate solution 
3.6.4 Nitrate nitrogen 
Nitrogen was estimated according to the method of Ghosh et 
al. (1983). 20g soil was shaken continuously with 50ml of distilled 
water for 1 h in a 100ml conical flask fitted with a rubber stopper. 
A pinch of CaS04 was added and shaken. The contents were then 
filtered through a Whatman No 1 filter paper. 20ml of clear filtrate 
was transferred to a 50ml porcelein dish and was evaporated to 
dryness on a water bath. After cooling, 3ml of phenol disulphonic 
acid (Appendix) was added, followed by the addition of 15ml of 
distilled water and stirred with a glass rod until the residue was 
dissolved. After cooling, the contents were washed down into a 
100ml volumetric flask. To this 1:1 ammonia (Appendix) was 
added slowly with mixing till solution was alkaline which was 
indicated by the development of yellow colour due to the presence 
of nitrate. Then, another 2ml of ammonia was added and final 
volume was made-upto 100ml with distilled water. The intensity of 
yellow colour was read on "Spectronic 20" 
spectrophotometer. For the preparation of standard curve, a stock 
solution containing 100 ppm nitrate nitrogen was prepared by 
dissolving 0.7215g of potassium nitrate in distilled water and the 
volume was made upto 1 litre. This was diluted 10 times to give a 
10 ppm NO3' N solution. Aliquots (2, 5, 10, 15, 20 and 25ml) were 
evaporated on water bath to dryness in porcelein dishes. After 
cooling, 3ml of phenol disulphonic acid was added and yellow 
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colour was read as described above. Simultaneously, a blank was 
also run. 
3.6.5 Phosphorus 
To 2.5g of soil in a 100ml conical flask a pinch of Draco 
G60 was added followed by 50ml of Olsen's reagent (Appendix). 
A blank was also run without the soil. The flask was shaken for 30 
minutes on a shaker and then contents were filtered through a 
Whatman No. 1 filter paper. In the filtrate, phosphorus was 
estimated spectrophotometrically by Dickman and Bray's (1940) 
method. 5ml of soil extract was pipetted into a 25ml volumetric 
flask and 5ml of Dickman and Bray's reagent (Appendix) was 
poured drop by drop with constant shaking till the effervescence 
due to CO2 evolution ceased. The inner wall of the flask neck was 
washed with distilled water and contents diluted to about 22ml. 
Then 1ml of stannous chloride solution (Appendix) was added and 
the volume was made upto the mark. The intensity of the blue 
colour was read at 660nm on "Spectronic 20" spectrophotometer. 
0.439g of potassium dihydrogen orthophosphate (KH2PO4) was 
dissolved in half litre of distilled water. To this, 25ml of 7N-
H2SO4 (Appendix) was added and the volume was made upto 1 
litre with distilled water, giving 100 ppm stock solution of 
phosphorus (100|ig P/ml). From this, 2 ppm phosphorus solution 
was made after 50 times dilution. For the preparation of the 
standard curve, different concentrations of phosphorus (1 , 2, 3, 4, 
5 and 10ml of 2 ppm phosphorus solution) were taken in 25ml 
volumetric flasks. To these, 5ml of extracting reagent (Olsen's 
reagent) was added. The colour was developed by adding Dickman 
and Bray's reagent and stannous chloride and read at 660nm. The 
curve was plotted by putting the colorimeter reading on the 
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vertical axis and the amount of phosphorus (in )ig) on the 
horizontal one. 
3.6.6 Potassium 
5g of soil was shaken with 25ml neutral normal ammonium 
acetate (Appendix) for 5 minutes and was filtered immediately 
through a Whatman No. 1 filter paper. Potassium concentration in 
the extract was determined flame photometrically. Stock solution 
of 1,000 ppm K was prepared by dissolving 1.908g KCl in 1 litre 
of distilled water. From the stock solution, aliquots were diluted 
in 50ml volumetric flask with ammonium acetate solution to give 
10 to 40 ppm of K. These were read with the help of flame 
photometer after setting zero for the blank and at 100 for 40 ppm 
of K. The curve was obtained by plotting the readings against the 
different concentrations (10, 15, 20, 25, 30, 35, 40 ppm) of K. 
3.6.7 Sodium 
The ratio of sodium to total cations is important in 
agriculture. Soil permeability is harmed by high sodium content. 
The determination was carried out directly from the soil extract 
(1:5) with the help of flame photometer, using appropriate filter. 
Standard curve was prepared by taking known concentrations of 
sodium. 5.845g of NaCl was dissolved in distilled water and the 
volume was made upto 1 litre which gave 100 milli equivalents per 
litre of Na. From this stock solution, dilutions containing 5, 10, 
20, 30, 40 and 50 meq. Na/1 was prepared. The curve was drawn by 
plotting the flame photometer readings on the vertical axis against 
concentration of Na on the horizontal axis. Na in the unknown 
sample was read from the curve. 
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3.6.8 Preparation of soil extract for calcium, magnesium, 
chloride, carbonate, bicarbonate and sulphate 
lOOg soil was transferred to a 750ml flask. To this, 500ml 
distilled water was added and the flask was shaken for about 1 h. 
The contents were then filtered through Buchner funnel. 
3.6.8.1 Calcium 
Calcium in the extract was determined according to method 
of Chopra and Kanwar (1982). To 25ml extract, 2 to 3 crystals of 
carbamate and 5ml of 16% NaOH solution were added. Then, it 
was titrated against 0.0IN EDTA (Appendix), using murexide 
indicator powder (Appendix) till colour changed from orange red 
to purple. 
3.6.8.2 Magnesium 
To 25ml extract, 1ml of NaCN (2%) was added. Then, 5ml 
ammonium chloride - ammonium hydroxide buffer was added 
followed by titration with 0.0 IN EDTA (Appendix), using 
Eriochrome black T as an indicator (Appendix), the colour 
changed from green to wine red (Chopra and Kanwar, 1982). 
3.6.8.3 Chloride 
It was estimated in the soil extract (1:5). To 50ml sample, 
0.5ml K2Cr04 indicator (Appendix) was added. Then, it was 
titrated against 0.014IN silver nitrate (Appendix) and calculated 
as follows: 
( A - B) X 0.0141 X 35,450 
mg/1 CI = 
ml sample 
where, A = titration for sample 
B = titration for blank 
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3.6.8.4 Carbonates and bicarbonates 
Carbonates and bicarbonates were estimated according to 
method of Richards (1954). For the estimation of carbonates, 50ml 
of extract (1:5) was taken in a conical flask and 2 drops of 
phenolphthalein indicator (Appendix) was added. Appearance of 
pink colour indicated the presence of carbonates. It was titrated 
against O.OIN H2SO4 till the solution became colourless. To the 
colourless extract, a few drops of methyl red indicator (Appendix) 
was added. The yellow colour extract was titrated against O.OIN 
H2SO4 (Appendix) till the colour changed to rose red. 
1000 
Carbonates (meq/1) = 2y x normality of H2SO4 x 
ml of aliquot 
= 2y X 2 
1000 
Bicarbonates = (Z - 2y) x normality of H2SO4 x 
(meq/1) ml of aliquot 
= Z - 2y X 2 
where, y = reading of burette for the titration of carbonates 
Z = reading of burette for the titration of bicarbonates 
3.6.8.5 Sulphate 
It was estimated in the soil extract (1:5). To 50ml extract, 
2.5ml of conditioning reagent (Appendix) was added. It was then 
stirred on a shaker and during shaking, a small quantity of BaCl, 
was added. It was then read with the help of a napthalometer. 
mg SO4 X 1000 
mg/1 SO4 = 
ml sample 
3.7 Water analysis 
The following parameters were studied to asses the quality 
of irrigation water (Table 8). 
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3.7.1 Electrical conductivity (E.C.) 
Electrical conductivity was determined with the help of 
conductivity meter by reading the samples directly after putting 
the samples in a beaker. The apparatus was adjusted to a known 
temperature (25°C) of the solution. 
3.7.2 pH 
It was determined with the help of pH meter. The pH meter 
was checked and adjusted before use with standard buffer of a 
known pH. 
3.7.3 Total solids 
A petridish of suitable size was weighed. Then 250ml of 
unfiltered sample was evaporated by putting the sample in the 
petridish on the water bath. Then the final weight of the petridish 
was taken after the evaporation of the sample. 
Calculation: 
A - B X 1000 
Total solids, g/1 = 
V 
where A = final weight of the petridish in g 
B = weight of the petridish in g 
V = volume of the sample taken in ml 
3.7.4 Total dissolved solids (TDS) 
A petridish of suitable size was weighed. Then 250ml of 
filtered sample was taken in the petridish and evaporated on the 
water bath. Then the final weight of the petridish was taken after 
evaporation of the sample. 
Calculation: 
A - B X 1000 
Total dissolved solids g/1 = 
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where A = final weight of the petridish in g 
B = weight of the petridish in g 
V = volume of the sample taken in ml 
3.7.5 Total suspended solids (TSS) 
Total suspended solids Were determined as the difference 
between the total solids (TS) and total dissolved solids (TDS). 
Calculation: 
TSS = TS - TDS 
3.7.6 Carbonates and bicarbonates 
50ml of water sample was taken in a clean flask. To this, 5 
drops of phenolphthalein indicator (Appendix) was added. The 
appearance of pink colour indicated the presence of carbonates. 
Then it was titrated against 0.0IN sulphuric acid (Appendix) till 
the solution became colourless. To the above solution, 1 to 2 drops 
of methyl red indicator (Appendix) were added, then titrated 
against O.OIN sulphuric acid till the colour changed from yellow 
to rose red. This indicated the bicarbonate presence. 
Calculation: 
1000 
carbonates (meq/1) = 2Y x normality of H2SO4 x 
ml aliquot 
= 2Y X 2 
1000 
bicarbonates (meq/1) = (Z - 2y) x normality of H2SO4 x 
ml aliquot 
= (Z - 2y) X 2 
where Y = reading of burette for the titration of carbonates 
Z = reading of burette for the titration of bicarbonates 
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3.7.7 Biochemical oxygen demand (BOD) 
It is widely used to determine the pollution power or 
strength of wastewater in terms of the oxygen that micro-
organisms would require for complete stabilization. 
Different volumes of effluent samples were placed in BOD 
bottles (250ml) to get several dilutions of the samples to obtain 
the required depletions ranging between 0.1 and 1.0%. These 
bottles were then filled with distilled water, stoppered and one set 
of bottles was incubated for 5 days in an incubator maintained at 
20°C and in another set, dissolved oxygen was determined 
immediately. The dissolved oxygen of these samples was 
determined by first adding 2ml of manganous sulphate solution 
(Appendix), followed by 2ml of alkaliazide iodide (Appendix) by 
means of graduated pipette, by dipping to end well below the 
surface of the liquid. The BOD bottles were stoppered and 
contents were shaken by inverting the bottles repeatedly and 
mixed well. The bottles were allowed to stand till the precipitate 
settled halfway, leaving a clear supernatant above the manganese 
hydroxide floes. The stopper was removed and 2ml of H2SO4 was 
immediately added. Each bottle was then restoppered and the 
contents were mixed by gentle inversion until dissolution was 
complete. 203ml of the sample was taken in a 500ml conical flask, 
then 2ml of starch indicator was added and titrated against 0.025N 
sodium thiosulphate solution till the disappearance of the blue 
colour. The reading of sodium thiosulphate used up was indicative 
of the dissolved oxygen of the sample in mg/1. BOD was 
calculated using the following formula. 
Di - D 2 
mg/1 BOD = 
P 
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Where, Di and D2 are the dissolved oxygen of the diluted 
samples 15 minutes after the preparation of the sample and after 5 
days of incubation respectively and P is the decimal fraction of the 
sample used. 
3.7.8 Chemical oxygen demand (COD) 
It is a measure of oxygen equivalent of that portion of the 
organic matter in a sample which is susceptible to oxidation by a 
strong chemical oxidant. 0.4g of mercuric sulphate was placed in a 
refluxing flask and 20ml of the sample was added. Both were 
mixed well and 10ml of 0.25N potassium dichromate solution 
(Appendix) was added followed by 30ml of sulphuric acid and a 
small amount of silver sulphate. A blank was run using distilled 
water instead of the sample. The flasks were then refluxed on a 
water bath at least for 2 h. Then flasks were removed, cooled and 
distilled water was added to make the final volume to 100ml. Then 
2 to 3 drops of ferroin indicator (Appendix) were added, mixed 
thoroughly and titrated against standard ferrous ammonium 
sulphate solution (Appendix). The COD was calculated by the 
following formula. 
( A - B) X C X 8,000 
mg/1 COD = 
ml sample 
where A = ml of ferrous ammonium sulphate used for blank 
titration 
B = ml of ferrous ammonium sulphate used for sample 
titration 
C = normality of ferrous ammonium sulphate solution 
3.7.9 Calcium 
50ml of water sample was taken in a conical flask and 
neutralized with acid. It was boiled for 1 minute and then cooled. 
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Then, 2ml of IN sodium hydroxide solution (Appendix) was added 
to maintain the pH at 12 to 13. Then 1 to 2 drops of ammonium 
purpurate indicator (Appendix) were added. Then it was titrated 
slowly against 0.0IM EDTA (Appendix) until the pink colour 
changed to purple and calculated as follows:-
A X B X 400.8 
mg Ca/1 = 
ml sample 
where A = ml titration for sample 
B = mg CaCOs equivalent to 1.0ml EDTA titrant at the 
calcium indicator end point 
3.7.10 Magnesium 
It was estimated from the EDTA and hardness titration 
(taken from total hardness estimation) 
mg/1 Mg = total hardness (as mg CaCOs/l) - calcium hardness (as 
mg CaCOs/l) x 0.244 
For determining the total hardness, 50ml of sample was 
taken in a conical flask and pH was maintained at 10+1 by the 
addition of buffer. Then, it was titrated against 0.0IM EDTA 
(Appendix) using Eriochrome Black T as an indicator (Appendix). 
At the end point, colour changed from wine red to blue. Hardness 
was calculated as follows: 
A X B X 1,000 
Hardness (EDTA) as mg CaCOj/l = 
ml sample 
where A = ml titration for sample 
B = mg CaC03 equivalent to 1.0ml EDTA titration 
3.7.11 Chloride 
50ml of water sample was taken in a flask and 0.5ml of 
potassium chromate indicator (Appendix) was added. The contents 
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of the flask were titrated against 0.014IN silver nitrate solution 
(Appendix). Chloride concentration in the sample was calculated 
as follows: 
(A - B) X 0.0141 X 35,450 
mg/1 CI = 
ml sample 
where A = ml titration for sample 
B = ml titration for blank 
3.7.12 Potassium 
Potassium determination was carried out directly with the 
help of a flame photometer, at 768nm using appropriate filter and 
standard curve by taking known concentration of potassium. A 
stock solution of 1000 ppm K was prepared by dissolving 1.908g 
KCl in 1 litre of distilled water. Dilute solution containing 2, 5, 
10, 15 and 25 ppm K were prepared from the stock solution. The 
standard curve was prepared by plotting the flame photometer 
readings against concentrations of K. 
3.7.13 Sodium 
Sodium was determined directly with the help of flame 
photometer at 589nm using appropriate filter and standard curve 
by taking known concentrations of sodium salt. For standard 
curve, 5.845g of NaCl was dissolved in double distilled water and 
final volume was made 1 litre. This solution gave 100 milli 
equivalents per litre of sodium. From this stock solution dilutions 
containing 5, 10, 20, 30, 40 and 50 meq Na/1 were prepared. A-
standard curve was drawn by plotting the flame photometer 
readings on y-axis against concentrations of sodium on x-axis . 
The concentration of sodium in the unknown sample was read from 
the curve. 
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3.7.14 Phosphate 
To a 100ml sample containing not more than 0.2mg 
phosphorus and free from colour and turbidity, 0.05ml 
phenolphthaleine indicator was added. If the sample turned pink, 
strong acid solution was added dropwise to discharge the pink 
colour. If more than 0.25ml was required, smaller sample was 
taken and diluted to 1,000ml with distilled water. After 
discharging the pink colour with acid, 4ml of molybdate reagent 
(Appendix) was added. After 10 minutes, the colour was measured 
spectrophotometrically at 690nm and comparison with the 
calibration curve was made, using a distilled water blank. 
mg P X 1,000 
mg/1 P = 
ml sample 
3.7.15 Nitrate nitrogen 
First nitrate standard was prepared in the range of 0.1 to 
l.Omg/1 N by diluting 1, 2, 4, 7 and 10ml standard nitrate solution 
to 10ml with distilled water. Residual chlorine in the samples was 
removed by adding 1 drop (0.05ml) of sodium arsenite solution 
(Appendix) for each O.lmg CI and mixed. One drop was added in 
excess to 50ml portion. For colour development, a number of 
reaction tubes were set in a wire rack. To each tube lOml sample 
was added. The rack was placed in a cool water bath and 2ml NaCl 
solution (Appendix) was added and was mixed well. Then 10ml 
H2SO4 (Appendix) was mixed and cooled. 0.5ml brucine sulfanilic 
acid reagent (Appendix) was added and the tubes swirled to mix, 
and then placed in a water bath at not less than 95°C. After 20 
minutes, it was taken out and cooled in a cold water bath. Reading 
was taken against a reagent blank at 410nm with a "Spectronic 20" 
spectrophotometer. 
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Standard curve was prepared from the absorbance values of 
the standards run together with the sample and corrected by 
subtracting their "sample blank" values from their final 
absorbance values. The concentrations of NO3-N were read 
directly from the standard curve. 
3.7.16 Ammonia nitrogen 
For estimation of ammonia nitrogen, first a preliminary 
distillation was performed. 500ml of ammonia free water was 
added to 20ml borate buffer and the pH was adjusted to 9.5 with 
6N NaOH solution. A few glass beads wereadded to this and the 
mixture was used to steam out the distillation apparatus until the 
distillate showed no traces of ammonia. For ammonia nitrogen 
content of less than 100|xg/l, a sample volume of 4,000ml was 
used. Residual chlorine was removed in the sample by adding a 
dechlorinating agent 25ml borate buffer was added and the pH was 
adjusted to 9.5 with 6N NaOH, (Appendix) using a pH meter. 
Distillation of samples was done. The steaming out flask was 
disconnected and immediately the sample was transferred to the 
distillation apparatus. It was distilled at a rate of 6 to lOml/min 
with the tip of delivering tube submerged. The distillate was 
collected in a 500ml erlenmeyer flask, containing 50ml boric acid 
solution. At least, 300ml of distillate was collected. It was diluted 
to 500ml with ammonia free water. 100ml of the sample was taken 
in a 500ml kjeldahl flask with ammonia free distilled water and 
diluted to 250ml. Again it was distilled as before with a few 
pieces of paraffin wax added to the distillation flask and 100ml of 
distillate was collected. 
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Ammonia in the distillate was titrated against standard 
0.02N H2SO4 titrant (Appendix) until the indicator turned a pale 
lavender. A blank was run through all the steps of the procedure. 
(A - B) X 280 
mg/1 ammonia N = 
ml of sample 
where A = ml H2SO4 titration for sample 
B = ml H2SO4 titration for blank 
3.7.17 Sulphate 
50ml of sample was taken in a flask and 2.5ml of 
conditioning reagent (Appendix) was added to it. The contents of 
the flask were stirred for a min. on a magnetic stirrer and during 
stirring, a small amount of BaCh was added. It was then read with 
the help of napthalometer. 
Standard sulphate solution was made by dissolving 147.9g 
sodium bisulphate (NaHS04) in sufficient distilled water and 
making the volume upto 100ml. From this 10, 20, 30 and 40 ppm 
dilutions were prepared. Turbidity was developed by adding 2.5ml 
conditioning reagent and a small amount of barium chloride. A 
standard curve was prepared by plotting the readings for each 
dilution, using napthalometer. 
3.8 Plant analysis 
For assessing the comparative effect of ground water and 
wastewater on crop plants. The plant samples were randomly 
selected from each treatment at vegetative, flowering, fruiting and 
finally at harvest stage for the study of various 
physiomorphological characteristics. 
The following growth characteristics were studied:-
1. Plant height 
2. Leaf number per plant 
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3. Fresh weight per plant 
4. Dry weight per plant 
5. Total leaf dry weight per plant 
6. Flower bud number per plant 
7. Flower number per plant 
8. Leaf area per plant 
9. Specific leaf area 
10. Specific leaf weight 
Whereas fresh weight and dry weight account for total 
productivity in terms of increase of weight, volume and dry matter 
accumulation, leaf number indicates a measure of differentiation. 
For assessing dry weight of plants the randomly selected three 
plants from each treatment already evaluated for various growth 
parameters were dried in a hot air oven at 80°C for 2 days. The 
dried material was then weighed on an electrical balance and 
weight was recorded as dry weight. 
3.9 Growth parameters 
3.9.1 Leaf area 
Leaf area was ascertained by gravimetric method. The leaf 
area of few leaves from each treatment was determined by tracing 
on a graph paper sheet and dry weight for these leaves was 
recorded. The leaf area per plant was computed by using leaf dry 
weight per plant and the dry weight of those leaves for which the 
area was evaluated using the following formula. 
L A i X W2 
LA = 
W, 
LAi = leaf area of the leaves traced on graph paper 
Wi = dry weight of the leaves for which area was traced on a 
graph paper 
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Wj = total leaf dry weight per plant 
3.9.2 Specific leaf weight 
It is the measurement of allocation of leaf dry weight per 
leaf area. It was calculated by dividing the leaf dry weight by leaf 
area. 
Leaf dry weight 
SLW = 
Leaf area 
3.9.3 Specific leaf area 
This parameter represents the leaf area per amount of leaf 
biomass. This was calculated by dividing the leaf area by leaf dry 
weight. 
Leaf area 
SLA = 
Leaf dry weight 
3.10 Physiological parameters 
Following physiological parameters were studied at different 
sampling stages (50, 70 and 100 DAS) in mustard crop 
1. Photosynthetic rate 
2. Stomatal conductance 
3. Photosynthetic water use efficiency (PWUE) 
3.10.1 Photosynthetic rate and Stomatal conductance 
The rate of photosynthesis and stomatal conductance were 
measured in fully expanded leaf of plant using the LiCOR-6200 
portable photosynthesis system (Nebraska, USA) with Ca = 0.33 m 
mol CO2 mol' ' (330nl/l), taking care to use leaves of the same age 
and each observation was replicated twice and representative data 
were recorded. All the measurements were made on cloudless clear 
days between 11.00 and 13.00 solar time. 
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3.10.2 Photosynthetic water use efficiency 
It was calculated by dividing photosynthetic rate with 
stomatal conductance (Das et al. 1999). 
Photosynthetic rate 
PWUE = 
Stomatal conductance 
3.11 Leaf analysis 
3.11.1 Digestion of leaf sample for N, P and K contents 
Healthy leaves from dried plant material were collected at 
different sampling stages used for estimation of NPK. These dried 
leaves were removed and powdered with mortar and pestle and 
passed through a 72mm mesh screen. Then lOOmg of oven dried 
powder from each replicate was transferred to a 50ml kjeldahl 
flask to which 2ml of concentrated sulphuric acid was added. The 
contents of the flask were heated on temperature controlled 
assembly for about 2h to allow complete reduction of nitrates 
present in the plant material. As a result, the contents of the flask 
were turned black. After cooling the flask for about 15 minutes, 
0.5ml of 30% H2O2 was added drop by drop and the solution was 
heated again till the colour turned from black to light yellow. 
Again after cooling for 30 minutes, an additional 3 to 4 drops of 
30% H2O2 were added, followed by heating for another 15 
minutes. The process was repeated till the contents of the flask 
turned colourless. The peroxide digested material was transferred 
from kjeldahl flask to 100ml volumetric flask with three washings 
with double distilled water. The volume of the flask was made 
upto the mark with DDW. The peroxide digested material was used 
for the estimation of N, P and K contents. 
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3.11.1.1 Nitrogen 
The method of Lindner (1944) was adopted for estimating 
leaf nitrogen content. A 10ml aliquot of the digested material was 
taken in a 50ml volumetric flask and to this, 2ml of 2.5N sodium 
hydroxide was added to neutralize the excess of acid. In order to 
prevent turbidity, 1ml of 10% sodium silicate solution was added 
and the volume was made upto the mark with DDW. In a 10ml 
graduated test tube, 5ml of this solution was taken and 0.5ml of 
Nessler 's reagent (Appendix) was added dropwise and mixed 
thoroughly after each drop. The final volume was made upto the 
mark with distilled water. The contents of the tube were allowed 
to stand for 5 minutes for maximum colour development. Then the 
solution was transferred to a colorimetric tube and optical density 
was read at 525nm with the help of spectrophotometer (Spectronic 
20). A blank consisting of distilled water and Nessler's reagent 
was run simultaneously. 
50mg ammonium sulphate was dissolved in 1 litre DDW 
From this solution, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 0.9 and 
1.0ml was pipetted to ten different test tubes. In each test tube, 
0.5ml Nessler 's reagent was added. The solution in each test tube 
was diluted tojQml with DDW. After 5 minutes, the optical density 
was read at 525nm on spectrophotometer. A blank was run with 
each set of determination. Standard curve was plotted using 
different concentrations of ammonium sulphate solution versus 
optical density. With the help of this standard curve, the amount 
of nitrogen present in the sample was determined. 
3.11.1.2 Phosphorus 
Phosphorus was estimated according to method of Fiske and 
Subba Row (1925). A 5ml aliquot of the peroxide digested 
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material was taken in a 10ml graduated test tube and 1ml of 
molybdic acid (Appendix) (2.5% ammonium molybdate in ION 
sulphuric acid) was added carefully, followed by the addition of 
0.4ml of l-amino-2-napthol-4-sulphonic acid (Appendix). The 
colour of the solution turned blue. Distilled water was used to 
make the volume upto the mark. The solution was shaken for 5 
minutes and then transferred to a colorimetric tube. The optical 
density of the solution was read at 620nm on spectrophotometer. A 
blank was also run simultaneously. 
351mg of potassium dihydrogen orthophosphate was 
dissolved in sufficient DDW to which 10ml of ION H2SO4 was 
added and the final volume was made to 1000ml with DDW. From 
this solution, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0ml 
was taken in the different test tubes. In each tube, 1ml of molybdic 
acid and 0.4ml of l-amino-2-napthol-4-suIphonic acid 
(Appendix) was added and the final volume was made upto 10ml 
in all the test tubes. After 5 minutes, optical density was read at 
620nm on spectrophotometer. A blank was run with each set of 
determination. Standard curve was plotted using different dilutions 
of potassium dihydrogen orthophosphate solution versus optical 
density and with the help of the standard curve, the amount of 
phosphorus present in the sample was determined. 
3.11.1.3 Potassium 
Potassium was estimated with the help of flame photometer. 
A lOmI aliquot of the digested material was taken in small test 
tubes and it was read by using the filter for potassium. A blank 
was also run side by side with each set of determination. The 
readings were compared with a calibration curve plotted using 
known dilutions of a standard potassium chloride solution. 
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1.91g of potassium chloride was dissolved in 100ml DDW, 
of which 1ml solution was diluted to 1000ml. The resulting 
solution was of 10 ppm potassium. From this, 1, 2, 3, 4, 5, 6, 7, 8, 
9 and 10ml solution was transferred to 10 vials separately. The 
solution in each vial was diluted to 10ml with DDW. The diluted 
solution of each vial was run separately. A blank was also run with 
each set of determination. 
Standard curve was prepared using different dilutions of 
potassium chloride solution versus reading on the scale of 
galvanometer. The amount of potassium present in sample was 
determined with the help of standard curve. 
3.12 Yield parameters 
Three plants were randomly selected from each treatment at 
the time of harvest and the following yield characteristics were 
observed. 
1. Number of pods per plant (For mustard) 
2. Number of capsules per plant (For linseed) 
3. Number of seeds per pod (For mustard) 
4. Number of seeds per capsule (For linseed) 
5. 1000 seed weight (g) 
6. Pod length (cm) 
7. Seed yield (g plant ' ') 
8. Biological yield (g plant"') 
9. Harvest index (%) 
10. Oil yield (g plant ' ') 
3.12.1 Number of pods or capsules per plant 
At harvest, the plants randomly selected from each treatment 
were removed. The pods/capsules were then collected and counted. 
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3.12.2 Number of seeds per pod or seeds per capsule 
The number of seeds of 10 pods/capsules of each replicate 
from each treatment was counted. 
3.12.3 1000 seed weight 
From the total seed yield of each treatment, 1000 seeds were 
selected randomly, counted and weight was recorded. 
3.12.4 Seed yield 
For computing the seed yield, three plants were randomly 
selected from each treatment. The total seeds from each plant were 
cleaned separately and weighed to record the seed yield. 
3.12.5 Biological yield 
Total biological yield of three randomly selected plants from 
each treatment was recorded from sun dried samples before 
threshing. 
3.12.6 Harvest index 
Harvest index was computed by dividing the seed yield with 
biological yield and expressed in percentage. 
Seed yield 
Harvest index (%) = x 100 
Biological yield 
3.12.7 Oil yield 
The % oil content when multiplied with seed yield gave the 
oil yield. 
3.13 Seed quality parameters 
The seed samples, after separating them from extraneous 
material were crushed to get a fine meal for extracting the oil. The 
oil was analysed for following quality parameters. 
1. Oil content 
2. Acid value 
3. Iodine value 
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4. Saponification value 
3.13.1 Oil content 
lOg of ground seeds meal was transferred to a SoXhlet 
apparatus and sufficient quantity of petroleum ether was added. 
The apparatus was kept on hot water bath running at 60°C for 
about 6h for complete extraction of the oil. The petroleum ether 
from the extracted oil was evaporated after sometime. The 
extracted oil was expressed as a percentage by mass of the seeds 
and was calculated by the following formula. 
mo 
Oil content (%) = x 100 
where, mo = sum of the mass of oil 
ms = seed sample mass. 
3.13.2 Iodine value 
Iodine value of an oil is the number of g of iodine absorbed 
by lOOg of oil and expressed as the weight of iodine. It was 
determined by using iodine monochloride method (Anonymous, 
1970). Two grams of oil was taken in a dry ground neck flask to 
which 10ml carbon tetrachloride and 20ml iodine monochloride 
solution (Appendix) were added. The flask was stoppered and was 
allowed to stand in a dark place for about 30 minutes. After 30 
minutes, 15ml potassium iodide solution (Appendix) and 100ml 
DDW was poured into it with proper shaking. Titration was carried 
out with O.IN sodium thiosulphate (NaaSaOs) solution (Appendix) 
using starch solution (Appendix) as an indicator. Number of ml ' a ' 
of sodium thiosulphate used was noted. For blank, similar 
operation was put into practice without the oil and number of ml 
' b ' of O.IN sodium thiosulphate solution used was noted. Iodine 
value was calculated by the following formula. 
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(b - a) X 0.01269 x 100 
Iodine value = 
W 
where, a = number of ml of O.IN Na2S203 solution used in the 
sample 
b = number of ml of 0. IN Na2S203 solution used in blank 
W = weight of oil. 
3.13.3 Acid value 
The acid value of oil is the amount of potassium hyroxide 
spent to neutralize free acid in one gram of oil. It was determined 
by the following method (Anonymous, 1970). 2g of oil was 
dissolved in 50ml solvent mixture of 95% alcohol and diethyl 
ether (1:1) in a 250ml conical flask. Titration was carried out with 
O.IN potassium hydroxide (Appendix) using phenolphthalein 
(Appendix) as an indicator and the amount of ml ' a ' of O.IN KOH, 
required was noted. The acid value was noted by the following 
formula: 
' a ' X 0.005661 x 1000 
Acid value -
W 
where, a = ml of O.IN KOH used in titration 
W = weight of oil 
3.13.4 Saponification value 
The saponification value of oil is the amount of mg of 
potassium hydroxide consumed by Ig of the oil to neutralize the 
fatty acid resulting from complete hydrolysis. 2g oil was taken in 
a 250ml conical flask to which 25ml of 0.5N KOH (Appendix) 
solution was added. The flask was attached to reflux condenser 
and heated on water bath for about 1 h with frequent rotation of 
the contents of the flasks. After cooling, 1ml phenolphthalein 
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solution was added. The excess of alkali was titrated against 0.5N 
HCl solution (Appendix) and the number of 'ml' of 'a ' was noted. 
For blank, the operation was repeated in the same manner but 
without oil and the number of ml 'b ' required was noted. 
Saponification value was calculated by the following formula. 
(b - a) X 0.02805 x 1000 
Saponification value = 
W 
where, a = number of ml of 0.5N HCl used in sample 
b = number of ml of 0.5N HCl used in blank 
W= weight of oil (Anonymous, 1970) 
3.14 Statistical analysis 
The data obtained were analysed statistically according to 
Gomez and Gomez (1984). Analysis of variance (ANOVA) was 
performed (Tables 1-6) on the data and level of significance was 
determined for the treatment. The data were declared significant if 
F value observed was higher than the tabular F value. For 
significant data Least Significant Difference (LSD) was calculated 
to compare the mean values of the treatments. Linear regression 
analysis of seed yield with growth, physiological and yield 
attributing parameters was also worked out. 
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CHAPTER-4 
EXPERIMENTAL RESULTS 
4.1 Experiment I (mustard) 
In this simple randomised pot experiment, comparative 
effect of wastewater and ground water and four doses of nitrogen 
on various Physiomorphological characteristics of mustard was 
studied. Most of the treatments were found to be significant. The 
data in brief are described below (Tables 9-18). 
4.1,1 Growth parameters 
The growth parameters noted at vegetative, flowering and 
fruiting stages (50, 70 and 100 DAS) were plant height, plant fresh 
weight, plant dry weight, leaf number plant"', leaf area plant"', 
specific leaf area, total leaf dry weight, specific leaf weight, 
flower bud number and flower number. 
4.1.1.1 Plant height 
Wastewater irrigation enhanced plant height marginally over 
ground water irrigation (Table 9). Among all the treatments, 
wastewater along with fertilizer dose at the rate of 80kg N/ha 
(WWNgo) proved slightly superior affecting plant height at 
vegetative, flowering and fruiting stages whereas ground water 
without fertil izer (GWNo) showed the lowest plant height. WWNgo 
increased the plant height by 142.25%, 95.02% and 74.34% over 
GWNo at 50, 70 and 100 DAS respectively. Among four 
wastewater treatments, also WWNgo proved best while among 
ground water irrigated plants GWNgo gave the highest plant height 
of 93.42%, 69.37% and 53.34% at 50, 70 and 100 DAS 
respectively over ground water control. The increase in plant 
t i 
D , 
VH 
<u 
CIH 
VH 
(U 
^ 
e 
:3 
C 
<+-c 
C« 
u 
CC 
,'—*\ £ 
o 
—^' 
•4—' 
^ fcO 
- ^ H 
<U 
^ 
-4-J 
c in 
*—^  cx 
c 
o 
5^  
Wa 
lU 
• < - > 
cd 
^ 
• * - > 
C/3 
^ 
o 
VH 
(U 
•4—> 
a 
^ 
3 
o 
t f ^ 
o 
• * - > 
o 
u 
t^ -c 
ON 
(U 
3 cd 
H 
so 
o 
'c 
t M 
o 
Ol 
(U 
> 
o 
^ 
o 
v^ 
feO 
J 
o 
s: 
t3 
^ 
• • • * to 
n^ 
a i^ 
S-
cS 
+-' 
Vi 
3 
6 
; - i (U 
^ 
a 3 
c 
^ 
rt 
u 
J 
00 
(U 
^ 
pi! 
00 
< 
60 
a 
O 
< : : 
cd Q 
c/2 
< 
60 
• 1-H 
o 
;-! 
ed 
cd 
Q 
a 
• 4 — * 
Cd 
O 
O 
o 
o 
o 
o 
o 
o 
oo oo 
00 
+ 
'St 
^ ^ 
<n 
,-< ^ fS 
^ l> 00 
OS 
't CN 
OS 
r^ OS 
r^ CO 
<N 
OS 
O 
ro 
+ + 
o 
+ + 
o 
O 
in 
CO 
o 
00 
(N --H ^H 
Tt «0 VO 
VD 
-* 
OS 00 
CO 
OS 
o -—I 00 "/^  
OS CO so 
O --I 
+ + + 
o 
o -^r vo 00 o •^  o 
r-
co 
CO 
in 
OS 
CO 
CM 
CM 
(N 
»n 
OS 
o 
o 
in 
cd 
Q 
U 
cd 
^ 
~6b 
^ 
c 
"" 
• ^  
"o. 
CI. 
cd 
C 
tu 
60 
O 
^ •4-» 
'c 
^ 4 - 1 
o 
•4-1 
c 
3 
o 
e 
cd 
CO 
<U 
4-< 
o 
c 
u TS 
(U 
zi 
"^ 
> 
•4-< 
O H 
• 1—1 
l-H 
o 
en 
, 0 
S 
CO 
O 
Cd 
(U 
cd 
^ 
"w) 
^ 
o CO 
C4-( 
O 
(U 
+-• 
cd 
Vri 
(U 
^ 
-t-" 
+ j 
cd 
-o 
<u 
• f -H 
f ^ H 
D-
&, cd 
CO 
cd 
^ 
,—^  
;^ 
—^' 
CO 
CO 
ed 
•*-» 
O 
P H 
13 
1=1 
cd 
z*^^ 
cu 
CO 
3 
t-( 
o 
^ p . 
CO 
O 
,£3 
P . 
«+-( 
O 
<D 
CO 
O 
t 3 
1 - H 
Cd 
CO 
ed 
^ 
e ;-! 
o 
C4-( 
•^ ^ fl 
=3 
< 
-^ (S 
106 
height produced by WWNgo over GWNgo was 25.24%, 15.14% and 
13.69% at 50, 70 and 100 DAS respectively. 
4.1.1.2 Plant fresh weight per plant 
Wastewater irrigation improved fresh weight significantly 
over ground water at all the three stages of growth (Table 10). 
Ground water control (GWNo) proved least effective in increasing 
the fresh weight whereas wastewater along with fertilizer dose Ngo 
(WWNgo) gave the highest plant fresh weight. The increase 
produced by WWNgo over GWNo was 157.40%, 123.90% and 
104.88% at 50, 70 and 100 DAS respectively. Among wastewater 
irrigated plants, WWNgo which proved superior in increasing the 
fresh weight of plants showed an increase of 116.92%, 107.05% 
and 91.20% over WWNo which proved least effective. Similarly, 
among ground water irrigated plants, the same fertilizer dose Ngo 
proved superior whereas ground water control proved least 
effective. The per cent increase recorded by WWNgo was 26.96, 
15.74 and 15.65 over GWNgo at three respective stages of 
sampling. 
4.1.1.3 Plant dry weight per plant 
The plants grown with wastewater irrigation accumulated 
more dry matter than those grown with ground water irrigation 
(Table 10). Like plant height and plant fresh weight, WWNgo 
proved best when compared to other treatments. It recorded an 
increase of 269.85%, 205.35% and 162.0% over ground water 
control (GWNo) at the three growth stages of sampling. Among the 
treatments having wastewater, WWNgo expectedly proved superior 
and recorded an increase of 186.29%, 151.47% and 128.95% over 
control (WWNo) at three stages of sampling. The fertilizer dose 
Ngo given with GW proved superior over all other doses given 
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with ground water and showed an increase of 155.98%, 140.56% 
and 111.09% at 50, 70 and 100 DAS respectively over its control 
WWNgo recorded an increase of 44.48%, 26.93% and 24.11% over 
GWNgo at three respective stages of sampling. 
4.1.1.4 Leaf number per plant 
Wastewater irrigation resulted in production of more leaves 
as compared to ground water (Table 9). WWNgo proved superior in 
enhancing the leaf number at all the three stages of growth and 
recorded an increase of 170.58%, 150% and 113.63% over GWNo, 
which gave the lowest value. Among wastewater irrigated plants, 
WWNgo, which proved best over all other fertilizer doses given 
with wastewater, recorded an increase of 119.04%, 109.67%and 
104.34% over wastewater control at three respective stages of 
sampling. Similarly, among ground water irrigated plants, the 
same fertilizer dose Ngo (GWNgo) proved superior, whereas GWNo 
proved least effective. The percent increase in leaf number 
produced by WWNgo over GWNgo was 27.77, 20.37 and 9.30 
respectively at 50, 70 and 100 DAS. At 50 DAS, the treatments 
GWNgo and WWNgo were statistically at par with each other but at 
later stages of growth they performed almost differently. 
Similarly, GWNeo and WWN40 were at par with each other at 50 
and 70 DAS but at 100 DAS they gave critically different values. 
The leaf number in general increased from 50 to 70 DAS and 
decreased from 70 to 100 DAS. 
4.1.1.5 Leaf area per plant 
Wastewater proved better than ground water in its effect on 
leaf expansion at all three stages of growth (Table 11). WWNgo 
proved efficacious in increasing the leaf area and recorded an 
increase of 54.48%, 39.42% and 36.43% at 50, 70 and 100 DAS 
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respectively over G W N Q , which gave the lowest value. WWNgo 
increased the leaf area by 50.69%, 36.82% and 34.01% over its 
control at three respective stages. Among plants grown with 
ground water, GWNgo proved best and per cent increase in leaf 
expansion produced by it over G W N Q , which proved least 
effective, was 39.78, 29.21 and 26.87 at 50, 70 and 100 DAS 
respectively. The increase in leaf area produced by WWNgo over 
GWNgo at three stages of sampling was 10.51%, 7.90% and 7.53% 
respectively. All the treatments were critically different at 50, 70 
as well as at 100 DAS except for the two treatments viz., WWNo 
and GWNo, which were at par at 50 DAS. Leaf area was enhanced 
significantly only upto 70 DAS while it declined afterwards. 
Interestingly with all the fertilizer doses (No, N40, Neo and Ngo) 
wastewater indicated its superiority over ground water. 
4.1.1.6 Specific leaf area 
Ground water irrigated plants showed significant increase in 
specific leaf area over wastewater irrigated plants (Table 11). 
GWNo proved best and showed an increase of 177.81%, 174.39% 
and 201.69% at 50, 70 and 100 DAS respectively over WWNgo-
The increase shown by GWNo over GWNgo, which proved least 
effective treatment for specific leaf area among ground water 
irrigated plants at 50, 70 and 100 DAS was 103.44%, 120.46% and 
153.59% respectively. Among wastewater irrigated plants, W W N Q 
showed the highest value of 115.26%, 120.60% and 156.89%. over 
WWNgo at three respective stages of sampling. The per cent 
increase in specific leaf area produced by ground water control 
over wastewater control at three stages of sampling was 29.05, 
24.38 and 17.44 respectively. Except for GWNgo, specific leaf area 
109 
decreased between 50 DAS and 70 DAS while it again increased 
between 70 DAS and 100 DAS. 
4.1.1.7 Total Leaf dry weight per plant 
Wastewater irrigated plants accumulated more dry weight in 
leaves as compared to ground water irrigated plants (Table 12). 
WWNgo proved best and recorded an increase of 329.16%, 
282.55% and 311.59% at 50, 70 and 100 DAS respectively over 
ground water control which recorded lowest dry weight in leaves. 
Among wastewater irrigated treatments WWNgo proved best and 
showed an increase of 224.40%, 201.83% and 244.24% at three 
respective stages of growth over W W N Q . While in treatments 
having ground water, GWNgo proved superior whereas G W N Q gave 
the poorest performance. The increase in leaf dry weight produced 
by WWNgo over ground water GWNgo at 50, 70 and 100 DAS was 
50.91%, 34.28%) and 27.92% respectively. Like leaf area, leaf dry 
weight also increased only upto 70 DAS while it declined at later 
stage of growth. 
4.1.1.8 Specific leaf weight 
More specific leaf weight was recorded in plants irrigated 
with wastewater as compared to plants irrigated with ground water 
(Table 12). WWNgo proved superior over all other treatments 
whereas G W N Q proved least effective. 
In plants irrigated with wastewater the same treatment 
WWNgo proved best and per cent increase recorded by it over 
WWNo at 50, 70 and 100 DAS was 115.09, 120.47 and 157.17 
respectively. In ground water irrigated plants, again the same 
fertilizer dose (Ngo) gave the highest value. The increase recorded 
by optimum fertilizer dose Ngo along with wastewater WWNgo over 
GWNgo at three respective stages of sampling was 20.42%, 24.44% 
o 
iC •1-H 
u (U 
a, 
en 
T3 
C3 
nJ 
Jf~^  
1 
"H-
bO 
+-> 
^ 
60 
s 
^ 
>. W1 
13 
U-, 
ca (U 
efl 
O 
c 
o 
/--^S 
^ 
^ 
—^' 
l-H 
(L> 
^ 
(D 
CO 
^ 
-o 
c CO 
^^^^ 
^ 
O 
'•—' 
V-i (U 
•4 -^ 
cd 
^ 
T3 
C 
3 
o 
^ O 
o 
- « - * o 
^ - 1 
5-W 
( N 
*"^  
(U 
x> 
a H 
DO 
O 
«+-! 
o 
(A 
(U 
> 
UJ 
;3 
o t+H 
*-> 
•»—( 
^ 
c 
^ 
o 
60 
^ v 
J 
a 
«a 
o 
s; 
to 
=o 
i^ 
Qq 
""^  
T3 
4 - > 
^ 
s 
C^-H 
o 
_:-^  
1 
ti 
rt 
t — I 
P H 
(N 
's 
o 60 
B 
v_^ 
60 
lU 
^ 
l 4 - l 
a (U 
• • - • 
J3 
60 
<+-( 
o 
O 
(L) 
a. lyi 
•*-> 
M 
60 
>> 
OJ 
^^ 
rt 
^ j 
O 
H 
&0 
60 
o 
a 
Q 
CO 
60 
G 
O 
en 
en 
>^  
O 
e 
• 4 - ' 
O 
O 
O 
o 
o 
o 
o 
o 
ro 
oo 
O 
00 
CO 
CN 
ON 
00 
«ri 
ON 
m 
en 
ON 
ON 
^ r^ 
o 
n- 00 
o ^ 
NO 
ON 
NO ON >n 
o »o o 
«n o o 
00 O 
o o 
ON 
ON in 
ON 
ON o 
V~t t> NO 
ON NO 
NO 
,—I ^H fS (N 
O 
ON 
00 ON 
r^ (N CO 
ON 
00 
CO NO 
ON 
^ ^ fS) « ^ 
+ + + + 
o o 
NO 
NO 
NO 
<N 
+ + 
o 
00 ^ 
>n 
«n 
ON 
00 
NO 
CO «n 
00 
NO 
00 (S 
+ 
o 
o c 
O ' < r » o o o o - ^ v o « 
1—H 
o" 
o 
CO 
NO 
CN 
O 
CO 
CO 
o 
NO 
CO 
o 
>n 
Q 
U 
o 
a 
60 
O 
CO 
<+-( 
o 
C3 
^ 
~6b 
^ 
c 
• " 
T3 
• 1 — " 
P . 
o-
«J 
c 
(U 
60 
O 
VM 
• * - > 
'S 
o 
+-' 
c 
:3 
o 
e 
rt 
tn 
(U 
' 4 - 1 
O 
d (U 
-CJ 
<u 
^ 
"cS 
> 
• 4 - ' 
•S" 
'VH 
O 
en 
J 2 
3 
en 
4S 
• 4 - 1 
4 - ' 
«3 
1 3 
<U 
• * - H 
—^^  cx 
ex 
ed 
en 
cd 
^ 
..'^ 
^ 
—^' 
6 
=3 
en 
en 
cd 
• J 
O 
D . 
• O 
C 
cd 
/-"^ C 
en 
3 
^ O 
^ 
cx 
O 
X 
P-
t M 
O 
(U 
en 
O 
-a 
-^« 
cd 
tn 
cd 
JD 
e 
>-( 
o 
^ 4 - 1 
• 1—( 
c 3 
^ CN 
110 
and 18.91% respectively. At 50 DAS W W N Q and GWN40 were at 
par. Similarly, at 70 DAS, GWNgo and WWNeo were at par and the 
same was noted with GWNeo and WWN40 at this stage indicating 
the saving of fertilizer if thermal power plant wastewater was 
given as irrigation water. Except for treatment GWNgo, like leaf 
area, specific leaf weight increased upto 70 DAS only in all the 
treatments irrespective of the wastewater or ground water. 
Similarly, with increasing the doses of nitrogenous fertilizer, a 
linear increase in specific leaf weight in both ground water and 
wastewater irrigated plants was observed. 
4.1.1.9 Flower number per plant 
Like other parameters, wastewater irrigation produced more 
flowers than ground water irrigation (Table 13). WWNgo proved 
best and GWNo gave the lowest value at both the stages. Among 
treatments given with ground water, GWNgo proved superior in 
enhancing flower production and showed an increase of 53.33% 
and 209.09% at 70 and 100 DAS over its control. Among 
wastewater irrigated plants, wastewater along with fertilizer dose 
Ngo proved superior and recorded an increase of 76.92% and 
253.33% over wastewater control (WWNo) at 70 and 100 DAS 
respectively. The per cent increase in flower number produced by 
WWNgo over GWNgo at 70 and 100 DAS was 25.00 and 55.88 
respectively. WWN40 was at par with GWNeo at both the stages of 
sampling. It may be noted that flower number decreased after 70 
DAS in all the treatments. Interestingly the decrease was more 
pronounced with ground water when compared to the wastewater 
which clearly indicates the importance and utility of wastewater. 
a, 
(U 
B 
C3 
ed 
• t - i 
C 
(U 
c 
o 
• 4 - 1 
o c 
^ ° 
^-^ > 
(U — 
«s 
• 4 - " 
C O 
PJ 
m 
cd 
H 
ID 
to 
o 
3 
.2 
^ ^ 
T3 
(U 
<S 
-a 
c 
o 
o 
o 
M - < • I - ' 
3 
s 
o 
o 
>- l 
60 
s: 
"a 
oj ^ 
(U 
e 
3 
c 
'O 
3 
CQ 
a, 
OJ 
e 
3 
c 
(U 
o 
Q 
^ ' 
C3 
o 
CO 
CO 
Q 
< 
60 
C 
o 
CO 
;-! 
(U 
«J 
CO 
>% 
cd 
Q 
e 
•4-> 
OJ 
o 
o 
o 
rt ^ 00 r~ 
^ (N 
O o CO ^ 
"O 
o 
o 
o 
0 
( N ^ ( N "^ ^ m 
>0 
' - I 
ON 
t N 
0 
'^ 
o^ 
>n 
O 
r- 00 ON 00 
0 0 » o 
ON '—I 
+ 
o 
+ + + + + 
o o 
NO z. z z o 2 
o 
2 
o 
NO 
ON 
cd 
c« 
^ 
~eb 
^ 
c 
* f -H 
t 3 
• ^ H 
eu 
eu 
«s 
c 
OJ 
60 
0 
WH 
• » - > 
'S 
0 
• < - > 
)S 
s 0 
g 
ed 
CO 
0 
(3 
(L> 
T3 
<U 
^ 
Id 
> 
*-> 
i-t 
0 
CO 
x> S 
CO 
.£3 
0 
ed 
<u 
ed 
^ 
^ 
^ 0 
r^ 
t^-( 
0 
(L> 
+-< 
cd 
V H 
(1> 
^ 
• » - > 
• * - > 
ed 
- O 
(U 
• 1-H 
^ i ^ 
Q H 
ex 
cd 
CO 
cd 
^ 
^^ ^ 
Nd 
^^ 
B 
3 
CO 
CO 
cd 
•*-> 
0 
(H. 
13 
C 
cd 
/*"^  
cu 
CO 
u 0 
^ 
o, CO 
0 
xi 
ex 
t4-( 
0 
<u 
CO 
0 
T3 
^^ 
cd 
CO 
cd 
^ 
B 
l-l 
0 
«4-( 
• r H 
a 3 
^^ (N 
I l l 
4.1.1.10 Flower bud number per plant 
Almost similar pattern of treatment effect as noted in flower 
number, was observed in this parameter (Table 13). Significantly 
higher flower buds were observed in wastewater irrigated plants. 
Thus WWNgo, just like in other parameters, proved superior. 
Whereas ground water control proved inferior to all other 
treatments. The per cent increase in flower bud formation 
produced by WWNgo over G W N Q at 70 and 100 DAS was 153.84 
and 82S0respectively. Among wastewater treatments, the per cent 
increase in flower buds produced by WWNgo over its control 
(WWNo) at two stages of growth was 120 and 428.57 respectively. 
Among ground water irrigated plants, GWNgo proved best and 
recorded an increase of 92.30% and 450% at 70 and 100 DAS 
respectively over G W N Q . The per cent increase in flower buds 
produced by WWNgo over GWNgo at 70 and 100 DAS was 32 and 
68.18 respectively. The treatments WWN40 and GWN60 were at par 
with each other at both the stages of sampling. 
4.1.2 Physiological parameters 
All the physiological parameters viz., photosynthetic rate, 
stomatal conductance and photosynthetic water use efficiency 
studied at vegetative, flowering and fruiting stages gave 
significant data which is described briefly below:-
4.1.2.1 Photosynthetic rate 
The plants irrigated with wastewater recorded more 
photosynthetic rate as compared to plants irrigated with ground 
water (Table 14). Just like in other parameters WWNgo proved best 
and recorded an increase of 48.15%, 51.83% and 61.59% 
respectively at 50, 70 and 100 DAS over ground water control. 
Among wastewater treatments, the per cent increase in 
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photosynthetic rate produced by WWNgo over wastewater control 
at the three stages of sampling was 42.57, 43.64 and 55.40 
respectively. Among ground water irrigated plants, GWNo proved 
inferior to all other treatments whereas GWNgo proved best at all 
the stage of sampling. The increase in photosynthetic rate 
produced by WWNgo over GWNgo was 6.14%, 7.08% and 8.43% at 
50, 70 and 100 DAS respectively, the stages of sampling taken in 
this pot trial. The photosynthetic rate was increased linearly with 
the increase in growth, thereby giving the maximum value at 100 
DAS and minimum at 50 DAS in all the treatments. 
4.1.2.2 Stomatal conductance 
It was affected significantly by wastewater only at 50 and 70 
DAS while at 100 DAS, it was non-significant (Table 14). The 
treatment effect was more distinct at 50 DAS as compared to 70 
DAS indicating decrease in stomatal conductance with increase in 
age of plants. At 50 DAS, WWNgo was at par with GWNgo. t t was 
followed by WWNgo, GWNgo and WWN40 in that order. The 
remaining three treatments (WWNo, GWN40, GWNo) were at par 
recording the least effect while at 70 DAS, although the treatment 
effect was significant however it was not distinct as most of 
treatments were at par in one way or the other. Stomatal 
conductance increased marginally from 50 DAS to 70 DAS in all 
the treatments. 
4.1.2.3 Photosynthetic water use efficiency 
Plants grown with wastewater showed more photosynthetic 
water use efficiency than those grown with ground water (Table 
14). WWNgo proved best and recorded an increase of 23.10%, 
26.05% and 25.97% at 50, 70 and 100 DAS respectively over 
ground water control. Among wastewater irrigated plants WWNgo 
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proved superior and showed an increase of 21.20%, 21.96% and 
22 .11% over its control at three stages of sampling respectively. 
Among ground water irrigated plants, GWNgo gave the highest 
value at 70 and 100 DAS, but at 50 DAS, GWNeo proved optimum 
as it equalled GWNgo statistically. The increase in photosynthetic 
water use efficiency recorded by WWNgo over GWNeo at 50 DAS 
was 9.71% and over GWNgo at 70 and 100 DAS was 6.83% and 
7.99% respectively. The photosynthetic water use efficiency 
increased with the increase in growth. 
4.1.3 Leaf N, P and K contents 
Data regarding N, P and K contents was significant at all the 
three stages of growth. The significant data are described below. 
4.1.3.1 Leaf nitrogen content 
All the treatments at three stages of samplings gave 
critically different values. Wastewater increased leaf nitrogen 
percentage slightly over ground water (Table 15). Treatment 
WWNgo proved superior in enhancing leaf nitrogen percentage 
w h i l e GWNo gave the poorest value. Among wastewater irrigated 
plants, WWNgo proved best and showed an increase of 63.02%, 
61.90% and 61.30% at 50, 70 and 100 DAS respectively over 
W W N Q . In ground water irrigated plants, expectedly ground water 
control recorded the least nitrogen content at all the three 
samplings and was trailing behind GWNgo by 60.11%, 64.61% and 
64.78% at three successive stages of growth. The per cent increase 
produced by WWNgo over GWNgo at 50, 70 and 100 DAS was 5.05, 
7.29 and 5.04 respectively. Nitrogen content decreased with the 
increase in growth irrespective of the water and fertilizer 
treatments. Similarly, the percentage of nitrogen also decreased 
with decrease in nitrogen doses. 
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4.1.3.2 Leaf phosphorus content 
The leaves of plants grown with wastewater irrigation 
showed more phosphorus content than those grown with ground 
water (Table 15). Wastewater along with fertilizer dose Ngo 
(WWNgo) showed the highest value, recording 64.96%, 72.28% 
and 78.20% at 50, 70 and 100 DAS respectively over ground water 
control. It may be noted that WWNeo followed the best treatment 
WWNgo- The former treatment even proved superior to GWNgo. 
Among wastewater irrigated plants, the WWNgo proved best 
and showed an increase of 42.52%, 46.81% and 49.78% at 50, 70 
and 100 DAS respectively over its control. Similarly, among 
ground water irrigated plants, GWNgo surpassed all other 
treatments and recorded an increase of 47.22%, 53.25% and 
57.43% at three respective stages of sampling over its control. The 
increase produced by WWNgo over GWNgo treatment was 12.04%, 
12.42% and 13.19%. While it was 2.56%, 2 .51% and 2.76% in 
WWN60 when compared to GWNgo at three respective stages of 
growth. Like nitrogen content, phosphorus content decreased with 
the age of leaves. 
4.1.3.3 Leaf potassium content 
From the Table 15, it is evident that wastewater application 
increased leaf potassium content significantly over ground water 
at all the three stages of growth. Just like in leaf nitrogen and 
phosphorus content, WWNgo proved superior to all other 
combinations. It (WWNgo) also gave highest value among 
wastewater irrigated plants and showed an increase of 32.31%, 
37.11% and 47.94% over its control at 50, 70 and 100 DAS 
respectively. Similarly, among ground water irrigated plants, 
GWNgo surpassed all other fertilizer doses given with ground 
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water and showed an increase of 31.65%, 36.96% and 49.16% over 
G W N Q . The per cent increase recorded by WWNgo over GWNgo at 
50, 70 and 100 DAS was 6.74, 7.71 and 10.33 respectively. 
Like leaf nitrogen and phosphorus contents, potassium 
content also decreased with the increase in growth. Interestingly, 
nitrogen and potassium were more or less similar in their response 
as both the nutrients increased with the increase in nitrogen doses 
irrespective of irrigation water. Among the three nutrients, 
nitrogen was maximum varied from 3-5% in terms of percentage in 
leaves followed by potassium varied from 2-4^o-While phosphorus 
percentage was less than one varied from 0.3 to 0.7%. 
4.1.4 Yield parameters 
The two irrigation waters given with different fertilizer 
doses gave significant data when yield parameters were studied at 
harvest (Tables 16 & 17). These are described here briefly. 
4.1.4.1 Biological yield per plant 
Plants irrigated with wastewater showed more biological 
yield as compared to plants irrigated with ground water (Table 
16). Just like in other parameters, WWNgo maintained its 
dominance over other treatments in recording the maximum value 
and showed an increase of 91.11% over G W N Q . In plants, grown 
with wastewater, WWNgo proved best by 56.72%. over W W N Q 
which gave the lowest value. Similarly, in ground water irrigated 
plants GWNgo proved superior to other treatments and recorded an 
increase of 59.35% over GWNQ. The per cent increase produced by 
WWNgo ovejCGWNgo both of which gave the highest values among 
two respective water variables was 19.93. The treatment GWN40 
and WWNo were at par with each other. 
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4.1.4.2 Pod length 
The treatment effect on this yield attribute was not as 
distinct as was noted in earlier growth and yield parameters 
(Table 17). The treatment WWNgo was best as compared to other 
treatments at all the three stages of sampling. Similarly, among 
wastewater irrigated plants, WWNgo proved -, best and showed 
an increase of 34.0%, 38.88% and 27.41% over WWN© at 70 DAS, 
100 DAS and at harvest respectively. The per cent increase 
produced by the treatment WWNgo over GWNgo at three respective 
stages of sampling was 19.64, 19.04 and 11.26. Among ground 
water irrigated plants, GWNgo gave the highest value at 70 and 100 
DAS but at harvesting stage GWNgo was equalled by GWNeo-
4.1.4.3 Number of pods per plant 
Wastewater produced more pods plant"' as compared to 
ground water irrigation (Table 17) wastewater together with 
fertilizer dose Ngo just like in other growth and yield attributing 
parameters, continued its dominance over all other treatments 
tested in this pot trial in recording the maximum podj. 
Among four wastewater treatments, WWNgo recorded an increase 
of 100%, 92.59% and 48.23% over its control at three successive 
stages of sampling. In plants grown with ground water, GWNgo 
proved best and recorded an increase of 88.23%, 85.71% and 80% 
over its control. The per cent increase in pod number plant'' 
produced by WWNgo over the treatment GWNgo was 34.37, 33.33 
and 16.66 at three respective stages of sampling. Thus, indicating 
the feasibility of wastewater irrigation in place of ground water. 
The treatment WWNeo was at par with GWNgo at 70 DAS and also 
at harvest. At 70 DAS, on other hand, GWNgo was also at par with 
WWN40 which in turn was at par with GWNeo indicating the 
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superiority of wastewater over ground water. It may be pointed out 
that enhanced pod number due to the application of wastewater 
also indicates the saving of costly nitrogenous fertilizer as is 
evident from the treatments GWNeo and W W N Q which were at par 
at harvesting stage. 
4.1.4.4 Number of seeds per pod 
Interestingly, all the treatments given, recorded critically 
different values indicating the distinct treatment effect (Table 17). 
The application of wastewater produced more seeds per pod as 
compared to ground water irrigation. WWNgo proved best over all 
other treatments. The same treatment WWNgo also gave the best 
value among wastewater irrigated plants. It showed an increase of 
37.28% over its control. Similarly, among ground water irrigated 
plants, the treatment GWNgo proved best and gave the higher value 
of 30% over ground water control. The increase produced by 
WWNfloover GWNgo was 13.28%. 
4.1.4.5 1,000 seed weight 
Just like other parameters, wastewater irrigation also 
increased the 1,000 seed weight slightly over ground water 
irrigation (Table 17). However, the effect was not as distinct as 
noted in most of the parameters mentioned. The treatment WWNgo 
which proved superior in most of the growth and yield attributes 
was at par with WWNeo. Thus latter treatment proved optimum and 
showed an increase of 23.68% over ground water control. Among 
ground water irrigated plants, GWNgo and GWNeo proved equally 
effective in increasing the 1,000 seed weight and the increase 
recorded by GWNeo over ground water control was 12.40%. 
Among wastewater irrigated plants, WWNeo proved optimum and 
recorded an increase of 13.64% over W W N Q . The increase 
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recorded by WWNeo over GWNeo was 10.03%. The treatments 
GWNeo, WWNo and GWN40 were at par with each other. Similarly, 
GWNeo, GWNgo and WWN40 were at par while the last two 
treatments were at par with WWNeo-
4.1.4.6 Seed yield per plant 
Like other yield attributing parameters considered so far, 
wastewater produced more seed yield than ground water 
application (Table 16). Like seed number per pod, seed yield per 
plant was also affected significantly giving critically different 
values in all the treatments. WWNgo just like in other parameters, 
surpassed all other treatments in increasing the seed yield and 
showed an increase of 207.86% over G W N Q . It may be pointed out 
that even WWNeo proved superior over GWNgo again confirming 
the utility of wastewater irrigation. Among wastewater irrigated 
plants, WWNgo recorded an increase of 129.64% over W W N Q . 
Similarly, among ground water irrigated plants, GWNgo gave the 
highest value (129.47%) over ground water control. The per cent 
increase produced by WWNgo over GWNgo was 34.15* 
4.1.4.7 Oil yield 
It is evident from the Table 16 that wastewater increased the 
oil yield significantly over ground water. The treatment WWNgo 
gave the highest oil yield recording 244.14% increase over ground 
water control. Among wastewater irrigated plants, the same 
treatment WWNgo surpassed all other treatments in enhancing the 
oil yield and gave an increase of 148.52% over wastewater control. 
Similarly, among ground water irrigated plants, GWNgo gave the 
highest value of 147.46% over ground water control. The increase 
produced by WWNgo over GWNgo, both of which gave the highest 
oil yield among two respective water variables was 39.06%. Each 
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Figure - 20. Seed yield (g/plant) and oil yield (g/plant) of mustard grown with 
levels of nitrogen (Expt I) 
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treatment was critically different and there was a linear increase in 
oil yield with the increase in nitrogen doses in wastewater as well 
as in ground water irrigated plants. 
4.1.4.8 Harvest index 
Wastewater irrigation also increased harvest index over 
ground water (Table 16). The treatment, WWNgo gave the highest 
value being 61.10% higher over G W N Q . Among wastewater 
irrigated plants, WWNgo also recorded the highest value, while 
WWNo produced the lowest harvest index. Among ground water 
irrigated plants, GWNgo showed an increase of 44.01% over its 
control. The increase produced by WWNgo over GWNgo, both of 
which proved best among two respective water variables was 
11.87%. 
4.1.5 Quality parameters 
Seed quality was determined on the basis of oil content and 
oil quality on the basis of iodine, acid and saponification values. 
All the above mentioned quality parameters were found to be 
significant. 
4.1.5.1 Oil content 
Slight increase in oil content was recorded in seeds obtained 
from wastewater irrigated plants than those seeds obtained from 
plants irrigated with ground water (Table 18). Unlike other 
parameters mentioned so far, the treatment, WWNeo proved best 
and recorded an increase of 19.10% over G W N Q . The treatment 
WWNeo also gave the highest oil content among wastewater 
treatments and showed an increase of 15.30% over W W N Q . 
Similarly, among ground water irrigated plants, GWNeo proved 
superior and recorded an increase of 14.45% over G W N Q . The 
increase produced by WWNgo over GWNeo both of which proved 
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best treatments in enhancing the oil content among two respective 
water variables was 4.06%. While the treatment WWNgo had an 
advantage of 3.65% increase over GWNgo- The treatmentsWWN40 
and GWNeo were at par with each other. Similarly, the treatments 
WWNgo and GWN40 were also at par with each other. 
4.1.5.2 Acid value 
Unlike other parameters studied so far, slightly higher acid 
value was recorded in seeds obtained from ground water irrigated 
plants than those obtained from wastewater (Table 18). Thus 
GWN60 gave the highest value being 58.73% more over W W N Q . 
Among wastewater irrigated plants, WWNeo recorded 23.54% 
increased value over control W W N Q . Among ground water 
irrigated plants, GWNeo gave the highest value recording 44.37% 
increase over its control. 
The increase in acid value produced by treatment GWNeo 
over the treatment WWNeo, was 28.48%. The treatment GWN40 
was at par with WWNeo on one hand and WWNgo on the other. 
4.1.5.3 Iodine value 
Among all treatments, nitrogen fertilizer Neo dose recorded 
more iodine value as compared to Ngo in both irrigation waters 
(Table 18). Thus GWNeo recorded 2.73% increase over GWNgo 
while WWNeo recorded 3.56% more iodine value over WWNgo. 
The treatments G W N Q and WWNo were at par. It may be pointed 
out that GWNeo recorded 10.21% increase over GWNo while 
WWNeo recorded 10.27% increased value over WWNo. 
4.1.5.4 Saponification value 
Just slight increase in saponification value was recorded in 
oil of ground water irrigated plants (Table 18). The treatment 
GWNeo gave the highest saponification value over all other 
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treatments and showed an increase of 16.74% over W W N Q . Among 
wastewater irrigated plants, WWN60 showed higher saponification 
value of 11.82% over control. Similarly, among ground water 
irrigated plants, GWNeo gave the highest saponification value 
among all other treatments of ground water. The increase in 
saponification value produced by GWNeo over WWNeo was 4.40%. 
The treatments WWNeo and GWNgo were at par with each other. 
Similarly, WWN40 was at par with O W N Q . It may be pointed out 
that Neo proved optimum with both the waters and unlike other 
parameters, WWNeo proved more beneficial when compared to 
WWNgo giving 3.40% more saponification value. 
4.2 Experiment II (linseed) 
In this pot experiment, comparative effect of wastewater and 
ground water and of four doses of nitrogen on various 
physiomorphological characteristics of linseed (Linum 
usitatissimum L.) was studied. Most of the data was found to be 
significant. The data is considered briefly in the following pages 
(Tables 19-27). 
4.2.1 Growth parameters 
The growth parameters noted at vegetative, flowering and 
fruiting stages (50, 70 and 100 DAS) were plant height, leaf 
number per plant, plant fresh weight per plant, plant dry weight 
per plant, leaf area per plant, leaf dry weight per plant, specific 
leaf area, specific leaf weight, flower number per plant, and 
flower bud number per plant (Tables 19-23). 
4.2.1.1 Plant height 
Wastewater irrigation caused plants to attain more height 
over ground water irrigation (Table 19). The treatment WWN90 
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proved best at all the three stages of sampling and increased the 
plant height by 50.41%, 60.47% and 48.54% at 50, 70 and 100 
DAS respectively over ground water control. Among wastewater 
irrigated plants, WWN90 produced the tallest plants and increased 
the plant height by 41.88%, 46.62% and 34.95% over WWNQ at 
three respective stages of sampling. Similarly, among ground 
water irrigated plant, GWN90 proved superior and increased it by 
35.12%, 40.45% and 34.13% over GWNo at three respective stages 
of sampling. The increase in plant height produced by WWN90 
over GWN90 was 11.3}^14.25;/and 10.73Xrespectively at 50, 70 and 
100 DAS'gxcept for the treatment GWN90 which was equalled 
statistically by WWNeg at 50 DAS^ pest of the treatments recorded 
critically different effect at all the stages of growth studied. The 
plant height increased continuously upto 100 DAS. There was 
comparatively more increase in plant height from 50-70 DAS as 
compared to 70-100 DAS. 
4.2.1.2 Plant fresh weight per plant 
Wastewater irrigation caused slight enhancement in plant 
fresh weight over ground water irrigation (Table 20). There w^s a 
linear increase in plant fresh weight upto the last stage of 
sampling and each treatment gave critically different values at all 
the three stages of growth. WWN90 proved best over all other 
treatments. Among ground water irrigated plants, GWN90 proved 
best and recorded an increase of 182.69%, 121.54% and 100.78% 
respectively over ground water control at 50, 70 and 100 DAS. 
Similarly, among wastewater irrigated plants, WWN90 recorded the 
highest plant fresh weight among all other treatments and increase 
recorded by it over WWNo at three respective stages of sampling 
was 169.12%, 122.99% and 96.62%. The increase in fresh weight 
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produced by WWN90 over GWN90 at 50, 70 and 100 DAS was 
22.05%, 13.93% and 10.51% respectively. 
4.2.1.3 Plant dry weight per plant 
Plants irrigated with wastewater accumulated more dry 
matter as compared to plants grown with ground water irrigation 
(Table 20). Just like in plant height and plant fresh weight, here 
also, WWN90 continued its dominance over all other treatments. 
Among ground water irrigated plants, GWN90 proved efficacious 
and recorded an increase of 211.93%, 143.13% and 120.45% over 
its control at 50, 70 and 100 DAS. Among wastewater irrigated 
plants, WWN90 proved superior and showed an increase of 
202.50%, 153.70% and 120.22% over WWNo at the three 
respective stages of sampling. The increase in plant dry weight 
produced by WWN90 over GWN90 at 50, 70 and 100 DAS was 
27.70%, 20.91% and 18.04%. respectively. The plant dry weight 
increased consistently upto the last stage of sampling. Except for 
the treatments GWN90 and WWNeg which were at par with each 
other at 100 DAS, rest of the treatments differed critically in this 
respect. 
4.2.1.4 Leaf number per plant 
Wastewater irrigation enabled the plants to produce more 
leaves as compared to ground water irrigation (Table 19). All the 
treatments gave statistically different values. The treatment 
WWN90 proved superior and showed an increase of 142.85%), 
112.94% and 96.20% over G W N Q . Among ground water irrigated 
plants, GWN90 proved best and increased the leaf number by 
94.28%, 81.96%. and 77.21%. over G W N Q at 50, 70 and 100 DAS 
respectively. Similarly, among wastewater treatments, WWN90 
recorded maximum leaves when compared to other treatments and 
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increased the leaf number by 120.20%, 98.17% and 79.53% over 
wastewater control at the three respective stages of sampling. The 
increase in leaf number produced by WWN90 over GWN90 at three 
respective stages of sampling was 25.00%, 17.02% and 10.71%. 
There occurred a continuous increase in leaf number upto 70 DAS 
only. 
4.2.1.5 Leaf area per plant 
The wastewater irrigation caused more leaf expansion as 
compared to ground water irrigation (Table 21). The leaf area 
showed a rapid increase from 50-70 DAS and from 70-100 DAS it 
showed a rapid decline. The leaf area consistently increased with 
increasing the nitrogen doses in both wastewater and ground water 
irrigated plants. All the treatments gave critically different values, 
except for the treatments WWNeg and WWN45, which were at par 
with GWN90 and GWNeg respectively at 70 DAS, indicating the 
utility of wastewater when given with low nitrogen doses in 
enhancing the leaf area as compared to ground water when given 
with high nitrogen doses. As in other morphological parameters, 
the treatment WWN90 proved superior in causing more leaf 
expansion over all other treatments. Among ground water irrigated 
plants, GWN90 proved best and increased the leaf area by 
240.90%, 162.97% and 175.22% at 50, 70 and 100 DAS 
respectively over its control. Similarly, among wastewater 
irrigated plants, WWN90 produced the highest leaf area as 
compared to other treatments and recorded an increase of 
263.63%, 187.33% and 188.11% over its control at three 
respective stages of sampling. The increase in leaf area produced 
by WWN90 over GWN90 was 33.33%, 25.10% and 17.16% 
respectively. 
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4.2.1.6 Specific leaf area 
Unlike all other morphological parameters, ground water 
irrigation produced more specific leaf area as compared to 
wastewater. It may be recorded that all the treatments were 
critically different in their effect at all the three samplings done. 
Except for both wastewater and ground water control, where 
specific leaf area showed a continuous decrease from 50-100 
DAS, in all the remaining treatments, the specific leaf area showed 
a decline from 50-70 DAS and then from 70-100 DAS it showed 
an increase. It is evident from the Table 21, that the specific leaf 
area decreased with increasing the fertilizer doses in both ground 
water and wastewater irrigations showing the role of fertilizer for 
this parameter. Ground water control, proved superior whereas 
WWN90 proved least effective treatment. G W N Q increased the 
specific leaf area by 21.62%, 19.60% and 14.72% over GWN90. 
Similarly, among wastewater irrigated plants, the wastewater 
control proved best and increased it by 13.81%, 15.84% and 5.28% 
at three respective stages of sampling over WWN90. The increase 
in specific leaf area produced by ground water control over 
wastewater control at three respective stages of growth was 
12.19%, 6.62% and 10.15%. 
4.2.1.7 Total Leaf dry weight per plant 
Leaves of wastewater irrigated plants accumulated more dry 
weight in comparison to leaves of ground water irrigated plants 
(Table 22). The leaf dry weight increased from 50 to 70 DAS 
whereas from 70 DAS onwards it decreased. Among all treatments 
WWN90 proved superior in recording the highest leaf dry weight at 
all the three stages of growth. The treatment WWNo proved least 
effective among wastewater irrigated plants and recorded 
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313.91%, 232.85% and 203.33% lower value at three respective 
stages of growth as compared to WWN90 which proved best. 
Among ground water irrigated plants, GWN90 registered an 
increase of 314.63%, 214.53% and 215.75% over G W N Q at 50, 70 
and 100 DAS respectively. The increase in leaf dry weight 
produced by WWN90 over GWN90 at 50, 70 and 100 DAS was 
40.0%, 29.20% and 18.43% respectively. The treatments GWN90 
and WWN68 were at par at 70 DAS. Similarly, WWN45 and GWNgg 
were also at par with each other at 70 DAS indicating the 
effectiveness of wastewater over ground water in enhancing dry 
matter accumulation. Rest of the treatments gave critically 
different values at all the three stages of growth. 
4.2.1.8 Specific leaf weight 
Specific leaf weight, except for W W N Q and G W N Q , increased 
from 50-70 DAS but from 70-100 DAS, it showed a decline 
(Table 22). At 50 and 70 DAS, WWN90 proved best, however, at 
100 DAS, WWN90 was equalled statistically by GWN90 in 
recording maximum specific leaf weight. Among ground water 
irrigated plants, GWN90 proved superior in enhancing the specific 
leaf weight and increased it by 21.57%, 19.66% and 14.19% at 50, 
70 and 100 DAS respectively over G W N Q . Similarly, among 
wastewater irrigated plants, WWN90 proved best and increased the 
specific leaf weight by 13.93%, 15.71% and 5.29% at 50, 70 and 
100 DAS respectively over its control. The increase in specific 
leaf weight produced by WWN90 over GWN90 was 5.03% and 
3.18% at 50 and 70 DAS of growth respectively. WWN45 was at 
par with WWNgg on one hand (which in turn was at par with 
GWN90) and on the other hand, it was at par with GWNeg at 70 
DAS. Similarly, GWNeg was at par with WWN45 on one hand and 
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on the other, it was at par with WWNo at 100 DAS. It may be 
noted that specific leaf weight increased with increasing fertilizer 
doses irrespective of irrigation water. In addition, wastewater with 
lower nitrogen dose (WWNeg) was at par with ground water and 
higher fertilizer dose (GWN90) at 50 DAS thereby confirming the 
utility of wastewater as a source of irrigation water as well as 
fulfilling the nutritional requirement upto a certain level. 
4.2.1.9 Flower number per plant 
Wastewater irrigated plants showed a significant increase in 
flower number over ground water (Table 23). Just like in other 
growth parameters, here also, the treatment WWN90 proved 
superior and showed an increase of 160.38% and 223.07% over 
ground water control at 70 and 100 DAS respectively. 
Among ground water irrigated plants, GWN90 which was 
equalled by WWNeg at both stages of sampling recorded an 
increase of 110.87% and 161.53% at 70 and 100 DAS respectively 
over G W N Q . Similarly, among wastewater irrigated plants, WWN90 
recorded the highest flower number and increased it by 130.71% 
and 133.33% at two respective stages of sampling over W W N Q . 
The increase in flower number produced by WWN90 over GWN90 
was 23.47% and 23.52% at two respective stages of growth. The 
flower number showed a decline from 70-100 DAS. 
4.2.1.10 Flower bud number per plant 
Wastewater irrigated plants produced more flower buds as 
compared to ground water irrigated plants. There occurred a sharp 
decline in flower buds at 100 DAS (Table 23). Just like other 
morphological parameters, WWN90 produced the highest flower 
buds among all other treatments and recorded an increase of 
124.32% and 300.0% at 70 and 100 DAS respectively over ground 
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water control which gave the least value. Among ground water 
irrigated plants, GWN90 increased the flower buds by 70.27% and 
200.0% at two respective stages of sampling over its control. 
Similarly, among wastewater grown plants, WWN90 produced the 
highest flower bud number and showed an increase of 88.63% and 
176.92% at 70 and 100 DAS respectively over its control. The 
increase in flower bud number produced by WWN90 over GWN90 
(both of which proved best among two respective waters) at 70 and 
100 DAS was 31.74% and 33.33% respectively. The treatments 
GWN68 and WWN45 were at par with each other at 100 DAS. 
Similarly, GWN45 and WWN© were also at par with each other at 
100 DAS. Also, WWN68 and GWN90 gave statistically equal values 
at 100 DAS. At 70 DAS, each treatment was critically different in 
their effect on flower bud production. 
4.2.2 Leaf N, P and K contents 
The effect of both irrigation waters viz., ground water and 
wastewater and of all four nitrogen doses on leaf N, P and K 
contents was found to be significant at all the three stages of 
sampling. The significant data is briefly described below. 
4.2.2.1 Leaf nitrogen content 
From Table 24, it may be noted that wastewater irrigation 
caused just a slight increase in leaf nitrogen content over ground 
water irrigation. The nitrogen content also showed a linear 
increase with increasing the nitrogen doses in both irrigation 
waters and the nitrogen content consistently decreased upto 100 
DAS. Except for the treatments viz., WWN45 and GWNeg which 
were at par with each other at 70 and 100 DAS, all the remaining 
treatments were critically different from one another. As in 
morphological parameters, here also WWN90 proved superior and 
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enhanced the leaf nitrogen content by 71.22%, 83.33% and 77.54% 
over ground water control at 50, 70 and 100 DAS respectively. 
Among ground water irrigated plants, GWN90 proved best and 
enhanced the nitrogen content of leaves by 61.87%, 65.83% 
and 63.13% at three respective stages of growth over ground water 
control which proved least effective. Similarly, among wastewater 
irrigated plants, WWN90 recorded the maximum nitrogen content. 
The increase in leaf nitrogen content produced by WWN90 over 
GWN90, (both of which proved best among two water variables) at 
50, 70 and 100 DAS was 5.77%, 10.55% and 8.83% respectively. 
4.2.2.2 Leaf phosphorus content 
Wastewater irrigation caused just a slight increase over 
ground water irrigation (Table 24). The leaf phosphorus content 
continuously decreased with the increase in growth upto 100 DAS. 
Except for the treatments W W N Q and GWN45 at 70 and 100 DAS 
and GWN68 and WWN45 at 100 DAS gave statistically equal 
phosphorus contents, all the remaining treatments were critically 
different. The leaf phosphorus content showed a continuous 
increase indicating synergistic effect with increasing the nitrogen 
doses in both ground water and wastewater irrigated plants. The 
treatment WWN90 proved best and increased the leaf phosphorus 
content by 72.30%, 78.38% and 80.71% at three respective stages 
of sampling over G W N Q which proved least effective. Among 
ground water irrigated plants, the treatment GWN90 proved best 
and among wastewater irrigated plants, WWN90 gave the highest 
leaf phosphorus content. The increase in leaf phosphorlis content 
produced by WWN90 over GWN90, both of which proved superior 
among two irrigation waters was 8.57%, 9.25% and 9.33% at three 
successive stages of sampling. 
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4.2.2.3 Leaf potassium content 
Wastewater irrigated plants showed more leaf potassium 
content over ground water irrigated plants (Table 24). Leaf 
potassium content decreased like that of nitrogen and phosphorus, 
it increased with increasing the nitrogen doses in both irrigation 
waters. Except for the treatments WWNes and WWN45 which were 
statistically at par with GWN90 and GWNeg respectively at 50 
DAS, all the remaining treatments gave critically different values. 
The treatment WWN90 proved best and increased the leaf 
potassium content by 73.06%, 83.63% and 92.57% at 50, 70 and 
100 DAS respectively over GWNo which proved least effective. 
Among ground water irrigated plants, GWN90 proved best, 
increased the leaf potassium content by 53.46%, 61.81% and 
67.82% over its control GWNo at 50, 70 and 100 DAS 
respectively. Among wastewater irrigated plants, WWN90 proved 
superior by 54.74%, 60.95% and 65.53% over WWNQ. The per cent 
increase in leaf potassium content produced by WWN90 over 
GWN90, at three stages of sampling was 12.76, 13.48 and 14.74 
respectively. Among the three nutrients, it may be noted that 
nitrogen was more in most of the treatments followed by 
potassium and phosphorus. 
4.2.3 Yield parameters 
The two irrigation waters with different nitrogen doses gave 
significant data when yield parameters were studied at harvest. 
4.2.3.1 Biological yield per plant 
Wastewater irrigation proved beneficial giving marginal 
increase in biological yield over ground water irrigation (TableaS). 
All the eight treatments showed critically different values. The 
treatment WWN90 proved best and increased biological yield by 
ao 
13 
(U 
>> 
TS 
(U 
(U 
c« 
^ 
•4—» 
C 
CB 
'o-
(50 
TS 
<u 
• ^ ^ 
>> 
f M 
rt 
o 
bO 
o 
'o 
• 1 - ^ 
^ 
c 
o 
/—*\ 
^ 
^ 
_^^  
u< (U 
+-» K3 
^ 
(U 
• 4 - ^ 
O l 
cti 
^ 
-a 
c 
cd 
,—^  
^ 
o 
*^--' t-( 
(U 
• * - ' 
CO 
^ 
-a 
C 
3 
o 
O 
u-i 
o 
•>-' 
o 
<u 
<4H 
W 
«n 
<N 
<L> 
H 
fl 
<u 00 
o 
WH 
+-> 
• ^ H 
e3 
t+H 
o 
C/2 
<u 
'"^  
;3 
o ^ M 
X 
•*-> 
•»-H 
^ 
c 
^ 
o V H 
fcO 
-—V 
J 
•*** 
^ >; • » v 
*^ . 2 
• • • ^ 
^ 
s 
s a 
s: 
•^ * O 
—^' 
TS 
(U 
</3 
'-"' 
^ 
o 
><J (U 
' la 
_c 
• 4 — ' 
C/3 
(U 
> l-l 
ec 
^ 
T3 
C 
« j 
/ • ^ 
»—1 
1 
*-> 
'&< 
X 
ID 
CO 
> 
t-c 
>^  
(U 
T3 
(U 
?^ 
o 
60 
O 
"o 
(=1 
e 
•*-> 
H 
fo <n vo 
vo o 00 
00 o 
^ ON 
+ + + + + + + + 
o 00 O 
Z Z Z Z 7 ^ 7 : Z Z 
o 
Q 
rt 
JH 
^ 
^ 
a 
•^ -^  
• » H 
"H* 
ex 
«J 
c 
(U 
00 
o V H 
H-J 
«+H 
o 
'4-> 
a 3 
o S 
:« 
w 
'4^ 
o 
a 
<u 
^3 
(U 
3 
"^ 
> 
^ - i 
V H 
o CO 
^ 3 
CO 
u 
c« 
u 
C4 
^ 
"feb 
^ O 
m 
t4H 
o 
(U 
•*-> 
OS 
Uc 
(U 
^ 
•«-> 
•<-> 
rt 
TS 
(U 
• 1-H 
f — ( 
a, & C4 
CO 
ed 
^ 
—^^  
^ 
—^' 
•f-H 
CO 
CO 
'4^ 
o 
a. 
•T3 
c 
o 
/"^ cu 
CO 
S 
)H 
O 
Xi 
&< CO 
O 
JH 
cu 
U-t 
o 
(U 
CO 
o 
TS 
^ H 
C4 
CO 
ea 
43 
s 
V H 
o t f H 
• r H 
C 
3 
< 
—I <N 
131 
80.51% over ground water control. Among ground water irrigated 
plants, GWN90 recorded an increase of 66.23% over G W N Q . 
Similarly, among wastewater irrigated plants, WWN90 produced 
the highest biological yield and showed an increase of 63.52% 
over W W N Q . The increase in biological yield produced by WWN90 
over GWN90 both of which proved best treatments among two 
irrigation waters was 8.59%. A linear increase in biological yield 
was observed with increasing the nitrogen doses in both irrigation 
waters. 
4.2.3.2 Number of capsules per plant 
Wastewater irrigation caused just a slight increase in capsule 
number plant"' over ground water irrigation (Table 26). The 
treatment WWN90, as in other morphological parameters studied so 
far, proved superior at all the three stages. It increased the capsule 
number per plant by 117.24%, 134.28% and 108.51%) over ground 
water control at three respective stages of sampling taken in this 
parameter. Among ground water irrigated plants, GWN90 which 
was equalled statistically by WWNeg at all the three stages of 
growth increased the capsule number per plant by 75.86%), 91.42%) 
and 82.97% over G W N Q which proved inferior in enhancing the 
capsule number per plant. Similarly, among wastewater irrigated 
plants, WWN90 produced the highest capsule number p l a n t ' and 
showed an increase of 85.29%, 105.00% and 78.18%) over its 
control at three respective stages of sampling. The increase in 
capsule number plant' ' produced by WWN90 over GWN90 was 
23.52%, 22.38% and 13.95% at three successive stages of 
sampling. The treatment GWNeg was at pa'- with WWN45 at all the 
three stages of growth in enhancing the capsule number p lan t ' 
indicating the positive effect of wastewater and saving of 
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nitrogenous fertilizers. Like other parameters, increasing doses of 
nitrogen increased capsule number linearly in both waters. 
4.2.3.3 Number of seeds per capsule 
Wastewater irrigated plants showed increased seed number 
capsule"' over ground water irrigated plants (Table 26). As 
expected, WWN90 proved best and showed an increase of 73.97% 
over G W N Q . Among ground water irrigated plants, GWNeg was 
statistically at par with GWN90 thus proved optimum and recorded 
an increase of 34.24% over ground water control. Interestingly, 
WWN45 produced as much seeds as produced by GWNeg and even 
GWN90 showing saving of nitrogen fertilizer. Similarly, among 
wastewater irrigated plants, WWN90 produced an increase of 
53.01% in seed number capsule"' over WWNo which was 
statistically equalled by GWN45 in its effect. The increase in seed 
number per capsule produced by WWN90 over GWNeg, was 
29.59%. 
4.2.3.4 1,000 seed weight 
Wastewater irrigation produced comparatively heavier seeds 
as compared to seeds obtained from ground water irrigated plants 
(Table 26). Except for the treatmentsWWNgo and WWNes which 
gave critically different values, all the remaining treatments were 
statistically at par with each other in one or in other way in 
enhancing the 1,000 seed weight. Just like in other yield 
parameters, WWN90 proved most efficient and showed an increase 
of 17.64% over ground water control. Among ground water 
irrigated plants, GWNeg equalled GWN90 in producing heavier 
seeds thus proved optimum and increased it by 4 .11% over G W N Q . 
Similarly, among wastewater irrigated plants, WWN90 maintained 
its superiority over all other treatments and increased the 1,000 
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seed weight by 12.67% over W W N Q . The increase in 1,000 seed 
weight produced by WWN90 over GWNeg was 12.99%. 
4.2.3.5 Seed yield per plant 
Wastewater irrigation caused a significant increase in seed 
yield plant 'over ground water irrigation (Table 25). As in other 
yield parameters, WWN90 gave the highest seed yield plant"' over 
all other treatments and recorded an increase of 171.42% over 
ground water control. The treatments viz., WWN68 and GWN90 
gave statistically equal seed yield. Similarly, GWNeg and WWN45 
were also statistically at par. Therefore it may be concluded that 
the irrigation with wastewater proved beneficial as well as 
economical. Among ground water irrigated plants, GWN90 gave the 
highest seed yield per plant over other treatments and recorded an 
increase of 122.85% over G W N Q . Similarly, among wastewater 
irrigated plants WWN90 proved superior and enhanced the seed 
yield plant"' by 113.00% over its control. The increase in seed 
yield produced by the treatment WWN90 over GWN90 was 21.79%. 
4.2.3.6 Oil yield 
Wastewater irrigation enhanced oil yield significantly over 
ground water irrigation (Table 27). The treatment WWN90 as in 
other yield parameters proved best and enhanced the oil yield by 
189.02% over ground water control. Among ground water irrigated 
plants, GWN90 produced the highest oil yield and recorded an 
increase of 127.27% over ground water control. Among wastewater 
irrigated plants, WWN90 proved best and increased it by 123.12% 
over wastewater control. The increase in oil yield produced by 
WWN90 over GWN90, was 27.16% confirming the utility of 
wastewater irrigation. Except for treatments WWN45 and GWNeg 
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Figure - 21. Seed yield (g/plant) and oil yield (g/plant) of linseed grown with 
levels of nitrogen (Expt II) 
134 
which statistically gave equal oil yield, all other treatments were 
critically different in their effect on oil yield. 
4.2.3.7 Harvest index 
Wastewater irrigated plants recorded an increased harvest 
index as compared to ground water irrigated plants (Table 25). 
WWN90 maintained its dominance here also and proved best over 
all other treatments. The increase in harvest index produced by 
WWN90 over GWNo was 50.36%. Among ground water irrigated 
plants, GWN90 which was at par with WWN45 proved best and 
showed an increase of 34.05% over its control. Among wastewater 
irrigated plants, WWN90 proved superior and recorded an increase 
of 30.24% over its control which proved least effective and was at 
par with GWN45. The increase in harvest index produced by 
WWN90 over GWN90 both of which proved superior treatments 
among two irrigation waters was 12.16%. The treatments WWN90, 
WWN68 and GWNo gave critically different values. Whereas the 
treatment W W N Q was at par with GWN45. Similarly, the treatment 
WWN45 was at par with GWN90 on one hand and on the other it 
was at par with GWNeg indicating the superiority of wastewater 
over ground water for irrigation purposes. As W W N Q was also at 
par with GWN45 confirming the above statement. There was 
observed a linear increase in harvest index with increasing 
nitrogen doses in both irrigation waters. 
4.2.4 Quality parameters 
The quality parameters (oil content and iodine value) were 
noted in seeds. The salient features of the data are presented here. 
4.2.4.1 Oil content 
Wastewater irrigation caused just a slight increase in oil 
content over ground water irrigation. The treatment WWN45 
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proved best indicating low requirement of nitrogen for oil content 
and recorded an increase of 11.63% over ground water control 
which proved least efficient (Table 27). Among ground water 
irrigated plants, GWN45 which was at par with WWNeg proved best 
treatment and recorded an increase of 8.97% over G W N Q which 
gave the lowest value. Similarly, among wastewater treatments, 
WWN45 proved superior to all other treatments and recorded an 
increase of 9.82% over wastewater control which equalled 
statistically the treatment GWN90 indicating the deleterious effect 
of higher doses of nitrogen. The per cent increase in oil content 
produced by WWN45 over GWN45 was 2.44. Similarly, the per cent 
increase in oil content produced by WWN90 over GWN90 was 4.41. 
4.2.4.2 Iodine value 
Unlike all other parameters studied so far, here ground water 
produced a slight enhancement in iodine value over wastewater 
irrigation. The treatment GWNeg proved best and enhanced the 
iodine value by 18.05% over wastewater control which proved 
least effective (Table 27). Among ground water irrigated plants, 
the same treatment, GWNeg gave the highest iodine value and 
recorded an increase of 15.32% over ground water control which 
gave the lowest iodine value. Among wastewater irrigated plants, 
WWN68 which was statistically at par with GWN45 gave the 
highest iodine value and increased it by 12.21% over wastewater 
control. The increase in iodine value recorded by the treatment 
GWN68 over WWNeg was 5.20% confirming the ill effect of 
wastewater in terms of iodine value for linseed. The increase in 
iodine value produced by GWNeg over the treatment GWN90 was 
3.40% and similarly, the increase in iodine value produced by 
WWNes over WWN90 was 6.55%. Except for the two treatments as 
136 
already mentioned above, all the remaining treatments gave 
critically different values. 
4.3 Experiment III (mustard) 
In this pot experiment, the comparative effect of wastewater 
and ground water and three treatments each of nitrogen (No, N40 
and Ngo) and phosphorus (Po, P30 and Peo) on performance of 
mustard {Brassica juncea L.) was studied. Growth and leaf N, P 
and K contents, physiological, yield and seed quality parameters 
were studied. Most of the data was found significant and is 
described below briefly. 
4.3.1 Growth parameters 
The growth parameters, which were studied at 50, 70 and 
100 DAS in Experiment I were retained in this experiment also. 
4.3.1.1 Plant height 
Wastewater irrigation significantly increased plant height 
over ground water at all the three successive stages of sampling 
(Table 28). The plant height increased linearly from 50-100 DAS. 
The treatment WWNgoPeo proved best and increased the plant 
height by 123.23%, 84.59% and 62.93% over GWNQPO at 50, 70 
and 100 DAS respectively. Among ground water irrigated plants, 
the treatment ground water + fertilizer dose at the rate of 80kg 
N/ha + 60kg P/ha (GWNgoPeo) proved superior and increased the 
plant height by 79.25%, 57.58% and 44.75% over ground water 
control at 50, 70 and 100 DAS respectively. Among plants grown 
with wastewater, WWNgoPeo proved best and increased the plant 
height by 97.79%, 67.16% and 52.78% over wastewater control at 
three respective stages of sampling. WWNgoPeo increased the plant 
height by 24.53%, 17.14% and 12.56% over GWN80P60 at 50, 70 
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and 100 DAS respectively. The treatments GWNgoPso and 
WWN40P60 were at par with each other at 50 DAS while GWN40P60 
and WWN40P30 were also statistically equal in their effect. 
Similarly, the treatments GWN40P30 and WWNoPo were also at par 
with each other at 50 DAS. It may be pointed out that plant height 
increased comparatively faster between 50-70 DAS when 
compared to 70-100 DAS in all the treatments. 
4.3.1.2 Plant fresh weight per plant 
Wastewater resulted in significant increase over ground 
water irrigation (Table 29). The treatment WWNgoPeo recorded an 
increase of 170.08%, 112.63% and 101.25% over GWNoPo- Among 
plants grown with ground water, GWNgoPeo proved superior and 
recorded an increase of 115.05%, 75.07% and 68.47% over ground 
water control at 50, 70 and 100 DAS respectively. Among 
wastewater irrigated plants, WWNgoPeo gave the highest value at 
three successive stages of sampling over WWNQPO. The increase in 
plant fresh weight produced by treatment WWNgoPeo over 
GWNgoPeo, which proved two best treatments among two 
respective irrigation waters was 25.59%, 21.45% and 19.45% at 
50, 70 and 100 DAS respectively. The treatments GWNgoPao and 
WWN40P60 were at par with each other at 50 and 100 DAS but they 
responded differently at 70 DAS. Similarly, the treatments 
GWN40P60 and WWN40P30 were statistically at par with each 
other at 50 DAS but they were critically different at 
70 and 100 DAS. The fresh weight increased comparatively 
more between 70 - 100 DAS when compared to 50 - 70 DAS 
sampling in all the fertilizer treatments irrespective of 
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irrigation water while it was not so, in treatments having no 
fertilizer. 
4.3.1.3 Plant dry weight per plant 
Dry weight was also enhanced significantly due to 
wastewater irrigation at three stages of growth (Table 29). 
The treatment WWNgoPeo proved best at all three stages of growth. 
Among ground water irrigated plants, GWNgoPeo proved superior 
in enhancing dry matter accumulation and showed an increase of 
203.11%, 140.04% and 107.47% over GWNQPO at 50, 70 and 100 
DAS respectively. Similarly, among wastewater irrigated plants, 
WWNgoPeo proved best and increased the dry matter accumulation 
by 228.41%, 150.59% and 111.62% over WWNQPO. The increase in 
dry matter accumulation produced by treatment WWNgoPeo over 
GWNgoPeo at 50, 70 and 100 DAS was 33.87%, 25.67% and 
22.97% respectively. The treatments GWN40P60 and WWN40P30 
were statistically at par with each other at 50 and 100 DAS but 
they were critically different at 70 DAS. Similarly, at 100 DAS, 
treatments GWNgoPso and WWN40P60 were at par with each other 
but performed differently at 50 and 70 DAS. Like fresh weight and 
plant height , plant dry weight also increased with age. 
4.3.1.4 Leaf number per plant 
All the treatments were critically different with one another 
at 50 and 70 DAS while at 100 DAS, most of the treatments were 
at par with one another. Irrigation with wastewater resulted in the 
production of more leaves as compared to ground water. Leaf 
number increased only upto 70 DAS, after that period leaf 
production showed a marked decline (Table 28). Just like other 
parameters, WWNgoPeo maintained its dominance at 50 and 70 
DAS over all other treatments in enhancing the leaf number per 
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plant but at 100 DAS, it was equalled by WWNgoPao- Among 
wastewater irrigated plants, per cent increase produced by 
WWNgoPeo over WWNQPO at 50 and 70 DAS was 125.0 and 100.0 
respectively whereas WWNoPo was trailing behind WWNgoPso by 
75.0% at 100 DAS. Similarly, among ground water irrigated 
plants, GWNgoPeo proved optimum at 50 and 70 DAS whereas at 
100 DAS, GWNgoPso and GWNgoPeo proved equally effective. The 
increase in leaf number produced by the treatment WWNgoPeo over 
GWNgoPeo at 50 and 70 DAS was 22.72% and 14.75% respectively 
whereas WWNgoPjo recorded 13.95% increase over GWNgoPso at 
100 DAS. The treatments GWNgoPeo, GWNgoPso and WWN40P60 
were at par with each other. Similarly, WWN40P30 was at par with 
GWN40P60 on one hand and on the other hand it was at par with 
GWN40P30, which in turn was at par with WWNQPO and GWNQPO. 
4.3.1.5 Leaf area per plant 
It is evident from the Table 30, that wastewater enabled the 
crop to produce more leaf area per plant than ground water at all 
the three successive stages of growth. All the treatments were 
critically different in their effect on leaf expansion. WWNgoPeo 
increased the leaf area efficaciously over all other treatments and 
recorded an increase of 52.23%, 40.50% and 43.76% at three 
successive stages of sampling over GWNQPO- Among ground water 
irrigated plants, GWNgoPeo proved superior in its effect and 
recorded an increase of 41.23%, 30.89% and 31.55% over 
GWNQPO Among wastewater irrigated plants, WWNgoPeo produced 
the highest leaf area giving 48.16%, 37.66% and 41.25% increase 
over WWNoPo at 50, 70 and 100 DAS respectively. The increase in 
leaf expansion produced by WWNgoPeo over GWNgoPeo at 50, 70 
and 100 DAS was 7.78%, 7.34% and 9.28% respectively. The leaf 
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area increased only upto 70 DAS thereafter it showed a rapid 
decline. 
4.3.1.6 Specific leaf area 
As is evident from the Table 30, that unlike in other 
parameters studied so far, here ground water proved superior in its 
effect over wastewater at all the three stages of growth. Among all 
the treatments, the ground water without fertilizer application i.e. 
GWNoPo recorded an increase of 222.81%, 169.39% and 213.27% 
at 50, 70 and 100 DAS respectively over the treatment WWNgoPeo-
Among wastewater irrigated plants, the wastewater control proved 
best. Similarly, among ground water irrigated plants, GWNoPo 
gave the maximum specific leaf area at all three stages. The 
increase in specific leaf area produced by ground water control 
over wastewater control at three respective stages of growth was 
23.27%, 25.37% and 25.42%. The treatments, GWNgoPao and 
WWN40P60 were statistically equal at 50 DAS, while all the 
treatments were critically different at 50, 70 and 100 DAS.gxcept 
for treatment WWNgoPeo in which specific leaf area showed a 
slight but a linear increase upto 100 DAS, in rest of the 
treatments, specific leaf area decreased at 70 DAS when compared 
to 50 DAS while it increased at 100 DAS when compared to 70 
DAS. 
4.3.1.7 Total leaf dry weight per plant 
Wastewater irrigation resulted in considerable accumulation 
of dry matter in leaves over ground water irrigation (Table 31). 
All the values for leaf dry weight were critically different at 50, 
70 and 100 DAS for each treatment. Just like other parameters, 
WWNgoPeo proved best and increased the dry matter by 391.42%, 
278.49% and 350.35% at 50, 70 and 100 DAS respectively over 
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GWNQPO, which was least effective. Among wastewater irrigated 
plants, the same treatment WWNgoPeo proved superior in 
enhancing leaf dry matter accumulation and showed an increase of 
287.96%, 195.79% and 252.77% over WWNQPO at 50, 70 and 100 
DAS respectively. Among ground water irrigated plants, 
GWNgoPeo recorded an increase of 257.14%, 186.55% and 212.76% 
at three stages of growth over ground water control. The increase 
produced by WWNgoPeo over GWNgoPeo at 50, 70 and 100 DAS 
was 37.60%, 32.08% and 43.99% respectively. Leaf dry weight 
increased only upto 70 DAS thereafter it decreased considerably. 
4.3.1.8 Specific leaf weight 
Wastewater irrigation resulted in enhanced specific leaf 
weight over ground water irrigation (Table 31). The treatment 
WWNgoPeo proved superior over all other treatments in enhancing 
the specific leaf weight of leaves. Among wastewater irrigated 
plants, the same treatment i.e. WWNgoPeo gave more specific leaf 
weight as compared to other treatments and increased it by 
162.16%, 115.0% and 149.55% at the three respective stages of 
sampling over WWNQPO. Similarly, among ground water irrigated 
plants, GWNgoPeo proved superior in enhancing the specific leaf 
weight and showed an increase of 153.33%, 119.05% and 137.98% 
over GWNQPO at 50, 70 and 100 DAS respectively. The increase 
produced by WWNgoPeo over GWNgoPeo, was 27.63%, 23.09% and 
31.80% at 50, 70 and 100 DAS respectively. The treatment 
WWN40P60 was equalled statistically by GWNgoPao at 50 and 70 
DAS, whereas it (WWN40P60) also equalled GWNgoPeo at 70 and 
100 DAS. Similarly, WWN40P30 and GWN40P60 were also at par 
with each other at 50 and 100 DAS. It may be pointed out that 
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specific leaf weight increased upto 70 DAS only in almost all the 
treatments irrespective of water and fertilizer doses. 
4.3.1.9 Flower number per plant 
Irrigation with wastewater resulted in the production of more 
flowers as compared to ground water irrigation (Table 32). The 
treatment WWNgoPeo, which proved superior in other growth 
parameters, studied so far, was equalled here by the treatment 
WWNgoPao in recording maximum flowers per plant. Among 
wastewater irrigated plants, WWNQPO proved least efficient and 
recorded 74.66% and 257.89% lower values as compared to 
optimum treatment WWNgoPao at 70 and 100 DAS respectively. 
Similarly, among ground water irrigated plants, GWNgoPso proved 
optimum as it equalled GWNgoPeo (statistically) and enhanced the 
flower number by 44.92% and 173.33% at 70 and 100 DAS 
respectively over GWNQPO- The increase in flower number 
produced by WWNgoPso over GWNgoPao (both of which proved 
optimum treatments among two respective irrigation waters) was 
31.00% and 65.85% at 70 and 100 DAS respectively. The 
treatments WWN40P30 and GWN40P60 proved statistically at par 
with each other at both the stages of sampling. Similarly, 
GWN40P30 and WWNQPO were also at par with each other at both 
70 and 100 DAS. Flower number was decreased significantly from 
70 DAS to 100 DAS. The decrease in flower number was 
pronounced in no fertilizer control treatments (without fertilizer) 
in both waters when compared to fertilizer treatments. 
4.3.1.10 Flower bud number per plant 
A significant increase in number of flower buds per plant 
was noticed in wastewater irrigated plants over ground water 
irrigated plants (Table 32). The treatment WWNgoPeo proved 
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Optimum at 70 DAS and enhanced it by 132.25% over GWNoPo but 
at 100 DAS WWNgoPso proved optimum as it equalled WWNgoPeo-
The per cent increase produced by WWNgoPao over GWNQPO at 100 
DAS was 400.00. Among wastewater irrigated plants, WWNgoPeo 
maximally increased the flower buds per plant by 105.71% over 
WWNoPo at 70 DAS. Similarly, at 100 DAS, WWNoPo recorded 
233.33% lower value as compared to WWNgoPso which proved 
optimum at this stage. Among ground water irrigated plants, 
GWNgoPso proved optimum as it equalled GWNgoPeo at both the 
stages of growth. The per cent increase in flower buds recorded by 
GWNgoPso at 70 and 100 DAS over GWNQPO was 70.96 and 266.66 
respectively. The increase in flower buds produced by WWNgoPeo 
over GWNgoPso was 35.84% at 70 DAS. Similarly, WWNgoPso 
increased the flower buds by 36.36% over GWNgoPso at 100 DAS. 
At 70 DAS, the treatment GWNgoP6o was at par with WWN40P60 on 
one hand and on the other it was at par with GWNgoPao- However, 
at 100 DAS, all the above three treatments were at par with each 
other. WWN40P30 and GWN40P60 were also at par with each other 
at 70 and 100 DAS. The treatment WWNQPO was also at par with 
WWN40P30 at 100 DAS. There was a decrease in flower bud 
production from 70 to 100 DAS. 
4.3.2 Physiological parameters 
All the physiological parameters studied at 50, 70 and 100 
DAS were found to be significant and data is described below in 
brief. 
4.3.2.1 Photosynthetic rate 
Just like in morphological parameters, here also wastewater 
irrigation significantly enhanced photosynthetic rate over ground 
water irrigation (Table 33). The treatment WWNgoPeo was equalled 
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by WWN80P30 at 70 and 100 DAS in recording maximum 
photosynthetic rate. Thus, at 70 and 100 DAS, WWNgoPao proved 
optimum. Whereas at 50 DAS, WWNgoPeo proved best. The per 
cent increase in photosynthetic rate recorded by WWNgoPeo over 
GWNoPo at 50 DAS was 62.56. Similarly, WWNgoPao enhanced the 
photosynthetic rate by 58.15% and 51.82% at 70 and 100 DAS 
respectively over GWNQPO. Among wastewater irrigated plants, 
WWNQPO proved least effective and was trailing behind WWNgoPao 
by 54.99% at 50 DAS. Similarly, it was trailing behind WWNgoPao 
by 47.86% and 42.15% at 70 and 100 DAS respectively. Among 
ground water irrigated plants, GWNQPO proved least effective and 
recorded 46.37% and 45.72% lower values as compared to the best 
treatment GWNgoPeo at 50 and 70 DAS respectively. At 100 DAS, 
39.66% lower photosynthetic rate was recorded by it (GWNoPo) as 
compared to GWNgoPao which proved optimum at this stage of 
growth as it equalled GWNgoP6o- The increase in photosynthetic 
rate produced by WWNgoPeo over GWNgoPeo at 50 DAS was 
11.06%. Similarly, WWNgoPso increased the photosynthetic rate by 
8.52% over GWNgoPeo at 70 DAS and by 8.70% over GWNgoPao at 
100 DAS. The photosynthetic rate showed a linear increase from 
50 upto 100 DAS. 
4.3.2.2 Stomatal conductance 
Wastewater irrigation caused just a slight increase in 
stomatal conductance over ground water at 50 and 100 DAS (Table 
33) as maximum value for stomatal conductance was shared by 
treatments WWNgoPeo and WWNgoPso- However, at 70 "DAS, Jhe 
maximum value was shared by WWNgoPeo, WWNgoPao, GWNgoPeo 
and GWNgoPao. Thus at 50 and 100 DAS, WWNgoPao proved 
optimum whereas at 70 DAS, WWNgoPso and GWNgoPao proved 
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optimum. Among wastewater irrigated plants, WWNoPo recorded 
lowest stomatal conductance in comparison to WWNgoPso, which 
proved optimum. Similarly, among ground water irrigated plants, 
GWN80P30 proved optimum. WWNgoPso recorded 8.63% and 5.63% 
increase in stomatal conductance over GWNgoPao at 50 and 100 
DAS respectively whereas at 70 DAS, both were statistically 
equal. It may be noted that stomatal conductance was 
comparatively distinct in different treatments at 50 and 100 DAS, 
however at 70 DAS, the effect was not pronounced as most of the 
treatments were equal with one another in one way or the other. 
4.3.2.3 Photosynthetic water use efficiency 
Wastewater irrigated plants recorded more photosynthetic 
water use efficiency as compared to ground water irrigated. It is 
evident from the Table 33 that treatments WWNgoPeo and 
WWNgoPso proved equally effective in recording maximum 
photosynthetic water use efficiency at all the three stages of 
growth. Thus, WWNgoPso proved optimum. Among wastewater 
irrigated plants, WWNQPO proved least effective and recorded 
11.39%, 11.03% and 8.29% lower values at 50, 70 and 100 DAS 
compared with the optimum treatment WWNgoPao. Similarly, 
among ground water irrigated plants, GWN40P60 shared the 
maximum value with GWNgoPso and GWNgoPeo at 50 DAS. 
However, at 70 and 100 DAS, GWNgoPeo and GWNgoPso were at 
par with each other recording the maximum value. The treatment 
effect was slightly more distinct at 70 and 100 DAS as compared 
to 50 DAS where none of the treatments gave critically different 
values. There was a linear increase in photosynthetic water use 
efficiency upto 100 DAS. 
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4.3.3 Leaf N, P and K contents 
The data regarding N, P and K contents were significant for 
all the three stages of growth and are described below. 
4.3.3.1 Leaf nitrogen content 
Wastewater irrigation caused just a slight increase in leaf 
nitrogen content over ground water. There occurred a sharp 
decrease in leaf nitrogen content, at 70 DAS and relatively less 
pronounced decrease at 100 DAS. All the treatments having 80kg 
N/ha, irrespective of irrigation water recorded higher nitrogen 
content (Table 34). The treatment WWNgoPeo proved best in 
enhancing the leaf nitrogen content and recorded an increase of 
74.58%, 80.18% and 81.38% at 50, 70 and 100 DAS respectively 
over ground water control. Among wastewater irrigated plants, 
WWNgoPeo proved best and recorded an increase of 66.75%, 
69.34% and 72.15% over WWNoPo at three successive stages of 
growth. Similarly, among ground water irrigated plants, GWNgoPeo 
gave the highest value and recorded 67.67%, 71.64% and 73.50% 
increase over its control at 50, 70 and 100 DAS respectively. The 
increase in leaf nitrogen content produced by WWNgoPeo over 
GWNgoPeo at three respective stages of sampling was 4 .11%, 
4.97% and 4.54%. Each treatment was critically different from 
other in their effect in enhancing the nitrogen content. 
4.3.3.2 Leaf phosphorus content 
Wastewater irrigation increased the phosphorus content of 
leaves significantly over ground water irrigation (Table 34). Just 
like in leaf nitrogen content, WWNgoPeo proved superior among all 
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the treatments in enhancing the phosphorus content of leaves. 
Among wastewater irrigated plants, WWNgoPeo proved best and 
recorded an increase of 41.12%, 46.73% and 49.01% over its 
control WWNoPo- Among ground water irrigated plants, GWNgoPeo 
proved best at 70 DAS but was at par with GWNgoPso at 50 and 
100 DAS. Thus at 50 and 100 DAS, GWNgoPao proved optimum 
and increased the leaf phosphorus content by 37.09%, 53.34% 
respectively at these two stages whereas at 70 DAS, OWNQPO 
recorded 52.99% lower value as compared to GWNgoPeo- The 
increase in leaf phosphorus content produced by WWNgoPso over 
GWNgoPso at 50 and 100 DAS was 14.55% and 17.62% 
respectively and over GWNgoPeo at 70 DAS was 14.90%. 
GWNgoPeo was at par with WWN40P60 on one hand at 50, 70 and 
100 DAS, and on the other hand it was equalled statistically by 
GWNgoPso at 50 and 100 DAS. The phosphorus content also 
declined continuously upto the last stage of sampling. 
4.3.3.3 Leaf potassium content 
Just like nitrogen and phosphorus content, wastewater 
significantly enhanced leaf potassium content over ground water, 
and the leaf potassium content decreased consistently upto 100 
DAS (Table 34). Unlike in nitrogen and phosphorus content, here 
the treatment WWNgoPao proved best at 50 and 100 DAS over all 
other treatments but was equalled statistically by WWNgoPeo at 70 
DAS. Among wastewater irrigated plants, WWNgoPso proved best 
and increased the leaf potassium content by 33.15%, 38.32% and 
48.73% over WWNQPO at three respective stages of sampling. 
Similarly, among ground water irrigated plants, GWNgoPso proved 
superior over all other treatments and increased the potassium 
content by 32.94%, 38.83% and 51.40% over GWNQPO at 50, 70 
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and 100 DAS respectively. The increase in leaf potassium content 
caused by WWNgoPso over treatment GWNgoPao both of which 
proved best over all other treatments among two respective waters 
was 6.57%, 7.69% and 9.28%, at 50, 70 and 100 DAS respectively. 
The treatment, GWNgoPeo and WWN40P60 were statistically equal 
at 70 and 100 DAS but at 50 DAS, they gave different values. 
4.3.4 Yield parameters 
The two irrigation waters viz., ground water and wastewater 
along with three levels each of nitrogen and phosphorus gave 
significant data when yield parameters were studied at harvest and 
the data is briefly described below. 
4.3.4.1 Biological yield per plant 
It is evident from Table 35 that wastewater showed a 
profound effect in increasing the biological yield over ground 
water. The treatment WWNgoPeo proved superior in enhancing the 
biological yield and recorded an increase of 139.67% over ground 
water control. Among wastewater irrigated plants, the same 
treatment WWNgoPeo proved efficient and recorded an increase of 
90.90% over WWNQPO- Similarly, among ground water irrigated 
plants, GWNgoPeo gave the higher value of 101.35%, over OWNQPO, 
which proved least efficient. The increase in biological yield by 
WWNgoPeo over GWNgoPeo, both of which proved best among two 
waters was 19.02%. The treatments GWNgoPso and WWN40P60 were 
statistically at par with each other while rest of the treatments 
were statistically different in their effect. Biological yield 
increased with increasing both nitrogen and phosphorus doses in 
both ground water and wastewater irrigated plants. 
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4.3.4.2 Pod length 
Slightly longer pods were obtained in plants grown with 
wastewater as compared to those grown with ground water 
(Table 36). At 70 and 100 DAS, WWNgoPeo and WWNgoPao proved 
equally effective, thus WWNgoPao proved optimum. However, at 
harvesting stage, WWN40P60 equalled WWNgoPeo and WWNgoPao-
The lowest value was shared by GWN40P30, WWNQPO, and GWNQPO 
at 70 DAS, at 100 DAS by WWN40P30, WWNQPO, GWN40P30, and 
GWNoPo, at harvesting stage by GWN40P60, WWNoPo, GWN40P30, 
and GWNQPO. Among wastewater irrigated plants, WWNoPo, which 
proved least effective treatment and was at par with WWN40P30 at 
all the three stages of sampling, recorded 25.0%, 28.84% and 
20.0% lower values as compared to WWNgoPso at 70 and 100 DAS 
and at harvesting respectively. 
4.3.4.3 Number of pods per plant 
Wastewater irrigation resulted in increased number of pods 
per plant over ground water irrigation (Table 36). WWNgoPeo 
proved superior at all the three stages of growth. The increase in 
pod number produced by WWNgoPeo over GWNQPO at three 
successive stages of sampling was 117.14%, 127.27% and 90.32% 
respectively. Among ground water treatments, GWNgoPso proved 
optimum at 70 and 100 DAS, as it was at par with GWNgoPeo at 
these two stages. However, at harvesting stage, GWNgoPeo 
recorded the maximum value. Similarly, among wastewater 
irrigated plants, WWNQPQ recorded 94.87%, 108.33% and 78.78% 
decrease as compared with WWNgoPeo at three respective stages of 
sampling. The increase in pod number per plant produced by 
WWNgoPeo over GWNgoPso at 70 and 100 DAS was 18.75% and 
29.87% respectively. Whereas at harvesting, WWNgoPeo registered 
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an increase of 13.46% over GWNgoPeo- As the treatments 
GWNgoPeo, GWNgoPso and WWN40P60 were at par with each other 
at 70 and 100 DAS and also GWN40P60 and WWN40P30 proved 
equally effective at both 100 DAS and harvesting stage. Thus 
indicating that use of wastewater over ground water for irrigation 
purpose can save wastage of fertilizer. 
4.3.4.4 Number of seeds per pod 
Like other yield attributing parameters considered so far 
wastewater irrigation, as is evident from the Table 36, produced 
more seeds/pod as compared to ground water irrigation. WWNgoPeo 
maintained its superiority here also and recorded highest number 
of seeds per pod. Among wastewater irrigated plants, the same 
treatment WWNgoPeo gave the highest value giving 53 .91% more 
seeds per pod over WWNQPO- Similarly, among ground water 
irrigated plants, GWNgoPeo proved best and increased the seed 
number per pod by 44.85% over GWNoPo- The increase produced 
by WWNgoPeo over GWNgoPeo both of which proved superior 
among two irrigation waters was 14.19%. The treatments 
GWNgoPso and WWN40P60 were statistically at par with each other. 
Similarly, the treatment GWN40P60 was at par with WWN40P30, 
justifying the utilization of wastewater over ground water. 
4.3.4.5 1,000 seed weight 
In this parameter, the treatment effect was not pronounced as 
most of the treatments were at par with one another in one or in 
other way. It can be drawn from the Table 36 that maximum value 
for 1,000 seed weight was shared by treatments viz., WWNgoPeo, 
GWNgoPeo, WWNgoP30 and GWNgoPso- Whereas the lowest value 
was shared by treatments WWN40P30, GWN40P60, WWNoPo, 
GWN40P30, GWNoPo. The treatment WWNgoPso recorded 15.83% 
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and 11.68% increase in 1,000 seed weight over GWNQPO and 
WWNQPO respectively. Whereas increase in 1,000 seed weight 
produced by GWNgoPso was 12.92% and 8.87% respectively over 
GWNoPo and WWNQPO. The treatment WWN40P60, which proved 
intermediate in its effect was at par with GWNgoPeo, WWNgoPso 
and GWNgoPso on one hand and on the other hand it was at par 
with WWN40P30, GWN40P60, WWNQPO and GWN40P30. 
4.3.4.6 Seed yield per plant 
It is evident from the Table 35 that like other yield 
attributes, wastewater irrigation significantly enhanced seed yield 
as compared to ground water. Out of all the treatments, WWNgoPeo 
proved best and recorded highest seed yield of 202.79% over 
ground water control which proved least efficient. The same 
treatment WWNgoPeo produced highest seed yield among 
wastewater irrigated plants and showed an increase of 133.0% over 
WWNQPO. Similarly, among ground water irrigated plants, 
GWNgoPso proved superior. 
The increase in seed yield produced by WWNgoP6o over 
GWNgoPfio was 28.97%. The treatment GWN40P30 was at par with 
WWNQPQ while rest of the treatments were critically different in 
their effect. It may be noted that wastewater along with NgoP^o 
proved superior over higher dose of phosphorus (NgoPeo) given 
with ground water indicating superiority of wastewater and saving 
of 30kg P/ha. All the treatments having higher dose of nitrogen 
(Ngo) irrespective of irrigation water recorded higher values when 
compared with treatments having N4Q. 
4.3.4.7 Oil yield 
Wastewater irrigation caused a significant increase in oil 
yield as compared to ground water (Table 35). The treatment 
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Figure - 22. Seed yield (g/plant) and oil yield (g/plant) of mustard grown 
with levels of nitrogen and phosphorus(Expt III) 
152 
WWNgoPeo just like in growth and other yield parameters 
maintained its dominance over other treatments in enhancing the 
oil yield. Among wastewater irrigated plants, WWNgoPeo proved 
best and among ground water irrigated plants, GWNgoPeo proved 
best. The increase in oil yield produced by WWNgoPeo over 
GWNgoPeo was 36.24%. As the treatments WWN40P60 and 
GWNgoPeo proved equally effective confirming the superiority of 
wastewater over ground water in compensating the extra 
nutritional requirement of plants. 
4.3.4.8 Harvest index 
Wastewater irrigated plants recorded more harvest index as 
compared to ground water irrigated plants (Table 35). The 
treatment WWNgoPeo proved most effective in increasing the 
harvest index over all other treatments. Among wastewater 
irrigated plants, WWNgoPeo gave the highest harvest index. Among 
ground water irrigated plants, GWNgoPso, proved optimum as it 
statistically equalled GWNgoPeo, in recording maximum value and 
it increased the harvest index by 15.37% over its control. It 
(GWNfigPso) was trailing behind WWNgoPeo by 9.50%GWN4oP6o 
was at par with WWN40P30 indicating the saving of 30kg P/ha 
when applied with wastewater thereby confirming the superiority 
of wastewater over ground water for irrigation purpose. 
4.3.5 Quality parameters 
For determining the seed quality, the parameters studied in 
Experiment I were retained in this experiment also. Most of the 
data was found to be significant, which in brief is described 
below. 
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4.3.5.1 Oil content 
Wastewater irrigation enhanced oil content of seeds slightly 
over ground water irrigation and all the treatments were 
statistically different with one another indicating the treatment 
effect (Table 37). Interestingly, WWN40P60 proved superior to all 
other treatments including the best treatment (WWNgoPeo) 
explained so far which recorded 7.02% less oil content as 
compared to it. The former treatment (WWN40P60) recorded an 
increase of 18.93% over ground water control. Among wastewater 
irrigated plants, the same treatment i.e. WWN40P60 proved best. 
Among ground water irrigated plants, GWN40P60 gave the highest 
oil content and recorded an increase of 13.55% over its control. It 
may be pointed out that the nitrogen application is important in 
this parameter as with both waters the treatments having 40kg 
N/ha were more effective when compared to Ngo- The increase in 
oil content produced by the treatment WWN40P60 over GWN40P60 
was 4.73%. Similarly, the treatment WWNgoPeo increased the oil 
content by 5.64%) over GWNgoPeo-
4.3.5.2 Acid value 
Unlike other parameters studied so far, acid value was, 
comparatively, more in ground water grown plants than 
wastewater. The treatment GWN40P60 recorded the highest acid 
value and showed an increase of 61.24% over GWNQPO (Table 37). 
Among wastewater irrigated plants, WWN40P60, gave the highest 
acid value and showed an increase of 32.83% over WWNQPO- The 
increase in acid value recorded by GWN40P60 over WWN40P60 was 
16.85%. The treatment GWNgoPeo, which proved next to GWN40P60 
in enhancing the acid value recorded an increase of 21.49% over 
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WWNgoPeo- The treatment GWN40P30 was at par with WWN40P60, 
while rest of the treatments were critically different. 
4.3.5.3 Iodine value 
Seeds obtained from ground water irrigated plants showed a 
higher iodine value as compared to seeds obtained from 
wastewater irrigated plants (Table 37). The treatment GWN40P60 
recorded the highest iodine value and showed an increase of 
14.48% over ground water control. Among wastewater irrigated 
plants, WWN40P60 recorded the highest iodine value. The increase 
in iodine value produced by GWN40P60 over WWN40P60 was 
3.47%. The treatment WWN40P60 was at par with GWN40P30 on one 
hand and on other hand, it was at par with GWNgoPeo- Similarly, 
the treatments GWNgoPao and WWN40P30 were at par with each 
other. Also, the treatments WWNgoPso and WWNQPO proved 
equally effective. 
4.3.5.4 Saponification value 
Just like other seed quality parameters viz., iodine value and 
acid value, ground water irrigation significantly enhanced 
saponification value as compared to wastewater irrigation (Table 
37). The treatment GWN40P60 proved superior in enhancing the 
saponification value and increased it by 19.19% over ground water 
control. Among wastewater irrigated plants, WWN40P60 proved 
superior and enhanced the saponification value by 3.86% over 
WWNgoPeo and 11.30% over WWNQPO. The increase in 
saponification value produced by GWN40P60 over WWN40P60 was 
3.77%. Similarly, the increase produced by GWNgoPeo over 
WWNgoPeo was 4.96%. The treatments, GWN40P30 and WWNgoPeo 
were at par with each other, also the treatments WWN40P30 and 
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GWNgoPao were at par with each other. Similarly, WWNgoPao and 
WWNQPO were also at par with each other. 
4.4 Experiment IV (linseed) 
In this simple pot experiment, the comparative effect of 
wastewater and ground water and of three doses each of nitrogen 
and phosphorus on physiomorphological characters of Linseed 
(Linum usitatissimum L.) was studied. Growth parameters, leaf N, 
P, K contents, yield and seed quality parameters formed the basis 
of the trial. Most of the data was found to be significant. The 
significant data, summarised in Tables 38 to 46 are described 
below. 
4.4.1 Growth parameters 
All the growth parameters studied in Experiment II were 
retained in this second trial and the salient data are briefly 
described. 
4.4.1.1 Plant height 
Maximum plant height was recorded in plants grown with 
wastewater (Table 38) and all the treatments were critically 
different in their effect. In ground water irrigated plants, the plant 
height showed a linear increase with increasing the fertilizer doses 
but in wastewater irrigated plants, WWNegPeo proved optimum and 
the treatments viz., WWN90P30 and WWN90P60 proved inferior to it 
at all the three stages of sampling indicating the deleterious effect 
of wastewater given with higher doses of nitrogen. 
WWNegPeo proved best over all other treatments at all the 
three respective stages of sampling. Among ground water irrigated 
plants, GWN90P60 proved best while among wastewater irrigated 
plants, WWNegPeo proved best and enhanced the plant height by 
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87.01%, 61.54% and 45.53% at 50, 70 and 100 DAS respectively 
over WWNoPo- The increase in plant height produced by 
WWNegPdo over GWN90P60 at three respective stages of growth 
was 1.18%, 2.17% and 3.23%. 
4.4.1.2 Plant fresh weight per plant 
As is evident from the Table 39 that significantly higher 
fresh weight per plant was observed in case of wastewater grown 
plants particularly at lower fertilizer dose (NegPeo)- It showed a 
linear increase upto 100 DAS and each treatment gave critically 
different values. Among ground water irrigated plants, the fresh 
weight increased linearly with increase in fertilizer doses at all the 
three stages of sampling and the treatment GWN90P60 proved best 
but among wastewater irrigated plants, WWNegPeo proved best and 
the two treatments viz., WWN90P30 and WWN90P60 recorded lower 
fresh weight as compared to it indicating the harmful effect of 
wastewater particularly when given with higher nitrogen doses. 
4.4.1.3 Plant dry weight per plant 
Wastewater irrigation significantly enhanced dry matter 
accumulation per plant particularly at lower fertilizer dose 
(NegPeo) over ground water and even to wastewater when given 
with higher fertil izer doses (Table 39). Thus, WWNggPgo proved 
superior and showed significant increase over ground water 
control which proved least effective at three respective stages of 
growth. All the treatments gave critically different values except 
for the treatment GWN90P60, which was at par with WWN90P30 at 
50 DAS indicating that use of wastewater for irrigation purpose 
can not only prove beneficial but can also prove economical as 
there occur saving of inorganic phosphatic fertilizers>Oiy matter 
showed a continuous increase with the age of plants. 
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As in other parameters studied so far, here also, the dry 
matter accumulation per plant among ground water irrigated plants 
increased with increasing the fertilizer doses and the treatment 
GWN90P60 proved best at all the three stages of growth. But among 
wastewater irrigated plants, WWNegPeo proved superior and the 
treatment viz., WWN90P30 and WWN90P60 proved harmful 
decreasing the dry matter accumulation per plant indicating the 
deleterious effect. The increase in dry matter accumulation per 
plant produced by WWNegPeo over GWNgoPeo at 50, 70 and 100 
DAS was 1.68%, 3.27% and 0.88% respectively. 
4.4.1.4 Leaf number per plant 
It is clear from the Table 38 that in ground water irrigated 
plants, the leaf number per plant increased with increasing the 
fertilizer doses. In case of wastewater irrigated plants, higher 
fertilizer dose proved slightly detrimental. 
The maximum value for leaf number was shared by 
WWN68P60, GWN90P60, and WWN90P30 at 50 DAS, WWNegPdo 
and GWN90P60 at 70 DAS and by WWNggPeo, GWN90P60 and 
WWN90P30 at 100 DAS. Among wastewater irrigated plants, 
WWNegPeo proved best at 70 DAS, whereas at 50 and 100 DAS, 
WWN90P30 and WWNegPeo shared the maximum value whereas 
wastewater control proved least effective. Among ground water 
irrigated plants, GWNgoPeo proved superior at all the three stages 
of growth and enhanced the leaf number by 85.38%, 70.22% and 
56.52% over ground water control at 50, 70 and 100 DAS 
respectively. It can also be drawn from the data that leaf number 
increased from 50-70 DAS but from 70-100 DAS, it showed a 
decline. 
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4.4.1.5 Leaf area per plant 
It is clear from the Table 40 that the treatment WWNegPeo 
proved efficacious in enabling the plants to produce maximum leaf 
area per plant as compared to higher treatments of both ground 
water as well as wastewater. All the treatments gave critically 
different values at all the three stages of sampling except for the 
treatment GWN90P60, which was at par with WWNegPeo on one 
hand and on other, with WWN90P30 at 100 DAS indicating that 
wastewater given with low fertilizer doses can compensate extra 
nutritional requirement of the plants over higher fertilizer doses 
when given with ground water. As mentioned above,the treatment 
WWNegPeo proved best though at par with GWN90P60 at 100 DAS. 
Among ground water irrigated plants, the treatment GWN90P60 
proved best. But among wastewater irrigated plants, WWNegPeo 
proved superior and two treatments viz., WWN90P30 and 
WWN90P60 proved deleterious as compared to WWNegPeo- The leaf 
area per plant showed a rapid increase from 50-70 DAS and from 
70-100 DAS, it declined. 
4.4.1.6 Specific leaf area 
Unlike all the morphological parameters, ground water 
irrigated plants showed more specific leaf area over wastewater 
irrigated plants (Table 40). The specific leaf area decreased from 
50-70 DAS and then it again increased from 70-100 DAS. All the 
treatments gave significantly different values at all the three 
stages of growth. The treatment GWNQPO proved superior to all 
other treatments in enhancing the specific leaf area. Among 
ground water irrigated plants, ground water control, and among 
wastewater irrigated plants, the treatment wastewater control 
proved most effective in enhancing the specific leaf area. The 
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increase in specific leaf area produced by ground water control 
over wastewater control at 50, 70 and 100 DAS was 15.24%, 
16.03% and 10.40% respectively. 
4.4.1.7 Total leaf dry weight per plant 
Total leaf dry weight per plant was also enhanced maximally 
by wastewater irrigation given with low fertilizer dose (NegPeo) at 
all the three stages of sampling. Except for the treatment 
WWN90P30, which was at par with WWN90P60 at 50 DAS and with 
GWN90P60 at 100 DAS, all the remaining treatments gave critically 
different values. The leaf dry weight per plant showed a rapid 
increase from 50-70 DAS and then it showed a decline from 
70-100 DAS (Table 41). Among ground water irrigated plants, the 
total leaf dry weight per plant increased with increasing the 
fertilizer doses and the treatment GWN90P60 proved best. But 
among wastewater irrigated plants, the treatment WWNegPeo 
proved superior in enhancing the leaf dry matter accumulation and 
the treatments viz., WWN90P30 and WWN90P60 proved detrimental, 
thus decreasing the leaf dry weight as compared to it. 
4.4.1.8 Specific leaf weight 
It is evident from the Table 41 that the treatment WWNegPeo, 
just like in other parameters studied so far, proved best at 50 and 
70 DAS in recording maximum specific leaf weight whereas at 100 
DAS, it was equalled by WWN9oP3o. Among ground water irrigated 
plants, GWN90P60 proved best and enhanced the specific leaf 
weight by 54.31%, 50.23% and 51.25% over ground water control 
at three respective stages of sampling. Among wastewater irrigated 
plants, wastewater control gave the lowest value whereas 
WWNfigPeo proved best at 50 and 70 DAS. At 100 DAS, WWNggPeo 
and WWN90P30 shared the maximum value. Except for the 
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treatment WWNgoPeo in which the specific leaf weight remained 
constant from 70-100 DAS, in all the remaining treatments, the 
specific leaf weight increased from 50-70 DAS and there from 
70-100 DAS, it declined. 
4.4.1.9 Flower number per plant 
It is evident from the Table 42 that maximum value for 
flower number was shared by treatments viz., WWN68P60 and 
GWN90P60 at 70 DAS. Thus, at this stage of sampling WWNegPeo 
proved optimum whereas at 100 DAS, WWN90P30, WWNegPeo and 
GWN90P60 were at par in recording maximum flowers per plant. 
Thus at 100 DAS, WWN90P30 and WWNegPeo proved optimum in 
terms of economy. The least effective treatment was GWNQPO at 70 
DAS but at 100 DAS, it shared its value with GWNegPso- Among 
ground water irrigated plants, flower number exhibited a linear 
increase with increasing fertilizer doses, however, among 
wastewater irrigated plants, WWNegPeo proved best at 70 DAS, 
while at 100 DAS, WWN6gP6o and WWN90P30 proved equally 
effective. Among ground water irrigated plants, GWN90P60 proved 
best and enhanced the flower number by 133.33% and 175.0% over 
ground water control at 70 and 100 DAS respectively. The 
treatments WWNegPeo and GWN90P60 proved equally effective at 
70 DAS. Also the treatment WWN6gP3o was at par with GWN90P30 
on one hand and on the other hand with GWN68P60 at 100 DAS. 
The flower number per plant decreased from 70-100 DAS. At 100 
DAS, most of the treatments were statistically at par with each 
other in one or in other way. 
4.4.1.10 Flower bud number per plant 
Wastewater irrigation was responsible for the production of 
highest number of flower buds per plant (Table 42) and among all 
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the treatments the maximum number of flower buds at 70 DAS was 
produced by WWNegPeo whereas at 100 DAS, the maximum value 
was shared by WWN68P60, WWN90P30 and WWNgoPeo- The 
treatment GWNQPO proved least effective at these two stages of 
sampling. Among ground water irrigated plants, like flower 
number, flower bud number exhibited a linear increase with 
increasing the fertilizer doses but among wastewater irrigated 
plants, WWNegPeo proved best and other two treatments viz., 
WWN90P30 and WWNgoPeo proved inferior as compared to it at 70 
DAS but at 100 DAS, the highest treatment viz., WWN90P60 
equalled the treatments WWN68P60 and WWN90P30 in recording the 
highest flower buds per plant whereas the treatment WWNQPO gave 
the lowest vale. As the treatments GWN90P60 and WWN90P30 were 
equally effective at 70 DAS and also treatments GWN90P30 and 
WWN68P30 were at par with each other at 100 DAS. Thus, 
indicating that use of wastewater over ground water for irrigation 
purposes can save inorganic fertilizers. The above statement is 
further confirmed by statistically equal values produced by 
WWNoPo and GWN68P30 at 100 DAS. The flower bud number 
decreased from 70 to 100 DAS. 
4.4.2 Leaf N, P and K contents 
The data for leaf N, P and K contents were significant at all 
the three stages of sampling. The details of significant data are 
given below. 
4.4.2.1 Leaf nitrogen content 
Leaves of wastewater irrigated plants accumulated more leaf 
nitrogen content than leaves of ground water irrigated plants 
(Table 43). The leaf nitrogen content showed a linear increase 
with increasing the nitrogen doses in both ground water and 
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wastewater irrigated plants. The leaf nitrogen showed a continuous 
decrease with the age of plants. The treatment GWN90P60 was at 
par with WWN90P30 at 100 DAS indicating that use of wastewater 
for irrigation can not only prove beneficial for leaf nitrogen 
content but can also prove economical. Rest of the treatments were 
critically different in their effect at the three growth stages. The 
treatment WWNgoPeo proved superior in enhancing the leaf 
nitrogen content and increased it by 95.77%, 111.15% and 
120.08% over ground water control (GWNoPo). Among ground 
water irrigated plants, GWNgoPeo proved best and among 
wastewater irrigated plants, the treatment WWN90P60 proved best. 
The increase in leaf nitrogen content produced by WWN90P60 over 
GWN90P60 at three stages of sampling was 5.70%, 6.63% and 
7.69% respectively. 
4.4.2.2 Leaf phosphorus content 
Wastewater irrigation significantly enhanced leaf 
phosphorus content over ground water irrigation at all the three 
stages of growth (Table 43). It showed a continuous decrease with 
increase in age of the plants. 
The treatment WWNegPso was at par with GWNegPeo at 50 
and 70 DAS and also the wastewater control was at par with 
GWN68P30 at 50 DAS. Similarly, the treatments GWN90P60, 
GWN90P30 and WWNegPeo were statistically equal at 70 and 100 
DAS. The treatment WWNgoPeo proved best at 50 and 70 DAS but 
at 100 DAS, WWN90P30 proved optimum as it equalled WWN90P60 
in recording the maximum leaf phosphorus content whereas 
GWNoPo recorded lowest value. WWN90P60 increased the leaf 
phosphorus content by 38.67% and 30.20% at 50 and 70 DAS over 
WWNQPO, which proved least, effective treatment among 
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wastewater irrigated plants. Similarly, WWN90P30 increased it by 
29.49% over WWNQPO at 100 DAS. Among ground water irrigated 
plants, GWN90P30 proved optimum as it was at par with GWNgoPeo 
at three stages of growth. GWN90P30 recorded 6.21% and 6.11% 
decrease as compared with WWN90P60 at 50 and 70 DAS. At 100 
DAS, it (GWN90P30) recorded 6.37% less phosphorus content as 
compared to WWN90P30. 
4.4.2.3 Leaf potassium content 
Wastewater irrigation significantly enhanced it as compared 
to ground water irrigation. Like leaf nitrogen and phosphorus 
contents, leaf potassium content also decreased with age of plants. 
It is clear from the Table 43 that highest leaf potassium content 
was recorded in the treatment WWN90P30 at all the three stages of 
growth. It recorded 51.58%, 63.72% and 70.14% increase over 
ground water control at 50, 70 and 100 DAS respectively. Among 
wastewater irrigated plants, wastewater control proved least 
effective and recorded 39.92%, 43.67% and 46.78% lower values 
as compared to WWN90P30 at 50, 70 and 100 DAS respectively. 
Among ground water irrigated plants, GWN90P60 proved best at 50 
and 70 DAS and enhanced the leaf potassium content by 35.71% 
and 44.65% over ground water control at these two stages 
respectively. However, at 100 DAS, GWN90P30 proved optimum as 
it equalled GWN9oP6o- It (GWN90P30) increased the leaf potassium 
content by 45.77% over ground water control at this stage. The 
increase in leaf potassium content produced by WWN90P30 over 
GWN90P60 at 50 and 70 DAS was 11.69% and 13.18% respectively. 
At 100 DAS, it recorded 16.72% increase over GWNgoPso- As the 
treatments WWN68P30 and GWNegPeo were at par with each other 
at 50 and 100 DAS and also treatments WWNegPeo and GWN90P60 
164 
were also equal (statistically) at 50 and 100 DAS indicating that 
wastewater at lower fertilizer doses can prove as much effective as 
ground water with higher fertilizer doses in enhancing the leaf 
potassium content. The above statement is further confirmed by 
statistically equal values produced by GWNegPao and WWNoPo at 
100 DAS. Among three important macronutrients, nitrogen was 
maximum followed by potassium and phosphorus. 
4.4.3 Yield parameters 
Both irrigation waters viz., wastewater and ground water 
along with different nitrogen and phosphorus doses caused a 
significant effect on yield parameters. The data are briefly 
described below. 
4.4.3.1 Biological yield per plant 
It is evident from the Table 44 that the highest biological 
yield was recorded in wastewater irrigated plants supplemented 
with lower fertilizer dose (NegPeo)- Increase in biological yield per 
plant produced by it (WWNegPeo) over ground water control 
(GWNQPO) was 94.16%. Among ground water irrigated plants, the 
treatment GWNgoPeo proved superior and enhanced the biological 
yield by 87.12% over OWNQPO- Similarly, among wastewater 
irrigated plants, the treatment WWNegPeo gave the highest 
biological yield per plant and recorded an increase of 39.19% over 
wastewater control. The increase in biological yield produced by 
WWNfigPeo over GWNgoPeo and WWN90P60 was 3.76% and 13.41% 
respectively. All the treatments gave critically different values 
except WWN90P60, WWNegPso and GWN90P30, which were at par. 
4.4.3.2 Number of capsules per plant 
It is evident from the Table 45 that at 70 and 100 DAS, 
WWNegPeo and GWN90P60 proved equally effective in recording 
60 
u 
en 
to 
fcO 
o 
o 
13 
c 
o 
•4—» 
• 1—1 
c 
o 
J= 
o 
CS 
!U 
> 
(L> 
-o ^ 
• * — •4—» 
p 
5) 
<u 2 
c 
e« 
,^^  
^ 
o 
^^ 
i— 
OJ 
•t-J 
cd 
^ 
T3 
C 
3 
O 
o 
•^ 
1 3 
(U 
<Z1 
«*-( 
n 
X (U 
Ti 
c 
C/3 
> 
CIS 
T3 
o 
- * - > 
t ) 
a; 
te 
<+-! PJ 
"* 
• ^ 
(U 
^ 
cti 
H 
W5 
> i-l 
C« 
j i : 
T3 
C 
c« 
'"^ 
1 
cc 
Du 
C/2 
3 
t-H 
n 
^ 
a-
o 
JS 
D , 
' > . 
o 
'5b 
o 
B 
l-l 
H 
oo O 
oo 
ON (N 
o 
o 
-*' 
00 
00 00 en VO 
^ ON 
o — 
m 00 
o 
ON 
O O o ^ o o O 
>0 ^ 00 ON 'O 00 0 \ 00 
00 
o O O 
^ o 
O oo 00 
o 
^ Tt 
00 
ON 
NO 
00 
ON 
O 
+ + + + • + + + + + 
o 
f , 
OH 
oc 
o^ 
o 
VO 
OH 
00 
VO 
o 
ro 
cu 
o 
o\ 
o 
VO 
OH 
o 
Ov 
o o o o 
r r j \ 0 CO s o 
o pu, pu, pu, CL, 
P H 00 OO O O 
O vO VO O O 
z z z z z z ^ z ^ z 
ON 
o 
ON 
V-1 
Q 
U 
C!j 
^ 
~£b 
^ 
c 
"^ 
1 3 
(U 
'a. 
ex ed 
Cfl 
3 
O 
^ 
O 
^ 
o, 
1 3 
C 
rt 
C 
00 
o ;-( 
«4-( 
o 
+-> 
c 3 
o 
e 
a 
M 
o 
c (U 
1 3 
<u 
=3 
13 > 
"4-» 
• 1—t 
;-( o 
oo 
^ 
s CO 
W) 
C 
• *—I 
^ 
o 
c/3 
t<-( 
O 
(U 
.e 
•4—» 
<u 
• ( - > 
•4-» 
(S 
T 3 
(U 
'a. 
OH 
C j 
C/1 
I S 
^ 
cd 
^ 
~Sb 
^ 
o 
m 
l+-( 
o 
<L> 
• 4 - * 
cd 
OJ 
• t - j 
cd 
e S3 
V3 
cd 
•t-J 
O 
a 
t4H 
O 
<U 
1/1 
o 
13 
^^ 
cd 
C/2 
cd 
X> 
e 
W-( 
O 
^ 4 - 1 
•»—1 
a S3 
< 
- — I < N 
165 
the maximum number of capsules per plant but at harvesting stage 
WWNegPeo was critically different from other treatments and was 
responsible for production of maximum capsules per plant. As the 
treatment WWNegPso and GWNegPeo proved equally effective at 70 
and 100 DAS, and also GWNggPso and WWNoPo were statistically 
equal at 70 DAS and also at harvesting stage. Thus, showing the 
superiority of wastewater over ground water in terms of fertilizer 
economy. The increase in capsule number per plant produced by 
WWN68P60 at three respective stages of sampling was 132.0%, 
161.29% and 120.0% over ground water control, which proved 
least effective. Among wastewater irrigated plants, the treatment 
WWNegPeo and among ground water irrigated plants, GWN90P60 
proved best. The increase in capsule number produced by 
WWNfigPeo over WWN90P60 was 23.40%, 8.0% and 27.53% at three 
respective stages of sampling. 
4.4.3.3 Number of seeds per capsule 
Highest seed number per capsule was recorded in plants 
grown with wastewater (Table 45). The treatments GWN90P60 and 
WWN90P30 both of which gave equal seed number per capsule 
again confirming the superiority of wastewater over ground water 
for irrigation purpose. Of all the treatments, WWNegPeo proved 
best in enhancing the seed number per capsule and increased it by 
46 .51% over ground water control. Among wastewater irrigated 
plants, WWNegPeo showed an increase of 36.95% over WWNQPO, 
while the two treatments which were higher to it n terms of 
nitrogen viz. WWN90P30 and WWN90P60 proved detrimental. 
Among ground water irrigated plants, the treatment GWN90P60 
proved superior recording 36.04% increase over GWNQPO. The 
increase in this parameter produced by WWNegPeo over GWN90P60 
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was 7.69% and WWNegPeo enhanced the seed number per capsule 
by 21.15% over WWNgoPeo-
4.4.3.4 1,000 seed weight 
Wastewater irrigation proved efficient in enhancing the 
1,000 seed weight over ground water irrigation (Table 45). Except 
for the treatment WWNegPeo, which was critically different from 
other treatments, most of the treatments were statistically related 
to one another in one or in other way. Interestingly, all the 
fertilizer doses applied with wastewater including control proved 
better when compared to the treatments having ground water 
irrigation. The treatment WWNegPeo proved superior and enhanced 
the 1,000 seed weight by 36.94% over ground water control, which 
shared its lowest value with GWNegPeo and GWN68P30. Among 
ground water irrigated plants, the treatment GWN90P60 was 
equalled statistically by GWN90P30 in recording maximum 1,000 
seed weight. Thus, GWN90P30 proved optimum and it increased the 
1,000 seed weight by 8.98% over ground water control. The 
increase in 1,000 seed weight produced by WWNegPeo over 
GWN90P30 both of which proved optimum among two respective 
water variable was 25.65%. The treatment WWN90P60 was at par 
with WWNQPO on one hand and on the other hand it was at par 
with WWN90P30, which in turn was equalled by WWN6gP3o-
4.4.3.5 Seed yield per plant 
It is evident from the Table 44 that the wastewater irrigation 
maximally increased the seed yield per plant particularly when 
given with low fertilizer dose (NegPeo) over ground water and even 
to wastewater irrigation when given with higher fertilizer doses. 
Among ground water irrigated plants, the seed yield per plant 
increased linearly with increasing the nitrogen doses but in 
^ " 
>5^  . 4 . 4 <^t^  ^ 4 <^ <^ , ^ <<^  ,<S^  
,<e .^ 'b^  > ^ .^^^  .^ b^ o^ ^ .^ '^ .(0^ '^b^ ' ofe^  s? aS." rSi^ oRi^ ^ ^ c ^ ^ ^ c ^ ^ ^ ^b - ^b - ^c,- ^c- ^ - ^ ^ ^,_ ^^ ^^ 
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Teatments 
Figure - 23. Seed yield (g/plant) and oil yield (g/plant) of linseed grown 
with levels of nitrogen and phosphorus (Expt IV) 
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wastewater irrigated plants, the treatment viz., WWNegPeo proved 
optimum. Whereas the treatments higher to it in terms of nitrogen 
viz., WWN90P60 and WWN90P30 proved deleterious to it. It is also 
evident from the Table that the three treatments viz., WWN90P60, 
GWN90P30 and WWNegPao, which gave statistically equal seed 
yield per plant therefore^ concluding that WWNegPso is not only 
efficient in enhancing the seed yield but can also be economical 
when compared with WWN90P60 and GWN90P30 in terms of 
inorganic fertilizers. 
As mentioned above, the treatment viz., WWNegPeo proved 
best and increased the seed yield per plant by 137.20% over 
ground water control. Among ground water irrigated plants, 
GWN90P60 proved superior and increased the seed yield by 
123.25% over its control. Among wastewater irrigated plants, 
WWNegPeo proved best and enhanced the seed yield by 64 .51% 
over wastewater control. The increase in seed yield per plant 
produced by WWNegPeo over GWN90P60 was 6.25%. Thus, it may 
be pointed out that higher seed yield can be obtained with NegPeo 
when applied with wastewater confirming the superiority of 
wastewater for the purpose of irrigation and saving of nitrogenous 
fertilizers. 
4.4.3.6 Oil yield 
It is clear from the Table 46 that lower fertilizer dose 
together with wastewater (WWNegPeo) proved best in maximally 
enhancing the oil yield per plant as compared to higher treatments 
of both ground as well as wastewater. It (WWNegPeo) enhanced the 
oil yield by 176.23% over ground water control. Among ground 
water irrigated plants, oil yield per plant showed a linear increase 
with increasing the fertilizer doses and treatment GWN90P60 
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proved best. But among wastewater irrigated plants, the oil yield 
per plant was increased significantly by WWNegPeo- The increase 
in oil yield recorded by WWNegPeo over its control and over 
WWN90P60 was 84.48% and 32.11% respectively. The treatment 
WWN90P60 was at par with GWN90P30 and WWNegPso on one hand 
and on the other hand, it was at par with WWNQOPSO-
4.4.3.7 Harvest index 
As is evident from the Table 44 that the treatment WWN68P60 
proved superior to all other treatments and maximally enhanced 
the harvest index by 22.16% over ground water control. In ground 
water irrigated plants, the harvest index linearly increased with 
increasing the fertilizer doses and the treatment GWN90P60 proved 
superior and enhanced the harvest index by 19.31% over GWNQPO 
which gave the lowest value. Whereas in wastewater irrigated 
plants, the treatment WWNegPeo proved best and the treatments, 
which were higher to it in terms of nitrogen fertilizer decreased 
the harvest index. The treatment WWNegPso was at par with 
GWNegPeo on one hand and on the other hand, it was at par with 
GWNfigPao. The treatment;^ GWN90P30 and WWN90P60 were 
statistically at par with each other. 
4.4.4 Quality parameters 
It was determined on basis of, oil content and iodine value. 
All the data were found to be significant and are described below. 
4.4.4.1 Oil content 
Higher oil content was recorded in seeds of wastewater 
irrigated plants as compared to those, of irrigated with ground 
water. It is also clear from (Table 46) that all the treatments gave 
critically different values. The fertilizer dose NegPeo proved 
optimum in enhancing the oil content in both irrigation waters and 
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the fertilizer doses higher to it in terms of nitrogen viz., N90P30 
and N90P60 decreased the oil content per plant in both irrigation 
waters indicating the harmful effect of higher fertilizer doses on 
oil content irrespective of irrigation water used. The treatment 
WWNegPeo proved best and enhanced the oil content by 16.45% 
over ground water control, which proved least effective. Among 
ground water irrigated plants, GWNegPeo showed the highest value 
and increased the oil content by 12.17% over GWNQPO- Among 
wastewater irrigated plants, WWNegPeo proved most efficient in 
enhancing the oil content and increased it by 12.13% over 
WWNoPo- The increase in oil content produced by WWN68P60 over 
GWNegPeo and WWN90P60 was 3.81% and 8.79% respectively. 
4.4.4.2 Iodine value 
Contrary to other parameters studied so far, ground water 
irrigation significantly enhanced the iodine value over wastewater 
irrigation and it was comparatively more with lower nitrogen 
doses (Table 46). Treatment WWN90P30 was at par with GWNoPo 
indicating the deleterious effect of wastewater on iodine value. 
Also the treatment GWN90P30 being at par with WWN90P60, rest of 
the treatments gave significantly different iodine values. 
GWNegPeo proved best to all other treatments and enhanced the 
iodine value by 10.22% over wastewater control. Among ground 
water irrigated plants, the treatment GWNegPeo proved superior 
and enhanced the iodine value by 8.44% over GWNoPo. Among 
wastewater irrigated plants, the treatment WWNegPeo, proved best 
and increased the iodine value by 8.43% over WWNQPO- The 
increase in iodine value produced by GWNegPeo over WWNegPeo 
and over GWN90P60 respectively was 1.64% and 5.46%. Similarly, 
WWN90P60 recorded 7.32% 1 ower value as compared to GWNegPeo-
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4.5 Experiment V (mustard) 
In this simple pot experiment conducted during the rabi 
season of 2000-2001, mustard {Brassica juncea L.) was grown 
under ground water and wastewater irrigation together with three 
nitrogen and two phosphorus doses along with a uniform dose of 
K30 applied basally before sowing. Growth, leaf N, P and K 
contents and physiological parameters were recorded at three 
stages of growth, while yield and seed quality parameters were 
studied at harvest. Most of the data was found to be significant. 
4,5.1 Growth parameters 
Data regarding growth parameters were mostly found 
significant and are described below. 
4.5.1.1 Plant height 
It is clear from the Table 47 that wastewater irrigation 
enhanced plant height significantly over ground water. The 
maximum value was shared by treatments WWNinPeo, WWN112P30 
and WWN90P60 at all the stages of growth. Thus, WWN112P30 and 
WWN90P60 proved optimum indicating that WWNinPeo could not 
surpass the lower fertilizer containing treatments viz., WWN112P30 
and WWN90P60 in increasing the plant height. The lowest value 
was recorded in the treatment GWNegPso at all the stages of 
sampling. The increase in plant height recorded by WWN112P30 
over GWN68P30 at three respective stages of growth was 90.70%, 
66.18% and 49.82% respectively. Similarly, WWN90P60 recorded 
88.47%, 65.65% and 49.25% increase over GWNegPso at 50, 70 and 
100 DAS respectively. Among wastewater irrigated plants, 
optimum treatments were WWNn2P3o and WWN90P60 as they 
shared the maximum value with next higher treatment WWNn2P60-
Among ground water irrigated plants, GWN112P30 proved optimum. 
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as it equalled the highest treatment GWNmPeo at all the stages of 
sampling. Plant height progressively increased upto the last stage 
of sampling. 
4.5.1.2 Plant fresh weight per plant 
Wastewater irrigated plants recorded more fresh weight over 
ground water irrigated plants. It is evident from the Table 48 that 
the treatments WWN112P60, WWN112P30 and WWN90P60 proved 
superior in recording maximum plant fresh weight at all the three 
stages of growth. Thus, WWN90P60 and WWNn2P3o proved 
optimum. The former treatment (WWN90P60) enhanced the plant 
fresh weight by 115.06%, 75.37% and 55.76% at 50, 70 and 100 
DAS respectively over OWNgsPao while the treatment WWNjjsPjo 
recorded an increase of 119.64%, 76.30% and 58.72% at three 
respective stages of sampling over GWNegPso- Among wastewater 
irrigated plants, WWNegPao proved least effective and optimum 
treatments were WWNn2P3o and WWN90P60 as they shared the 
maximum value with WWNn2P6o- While among ground water 
irrigated plants, GWN112P30 proved optimum as it was at par with 
GWN112P60 at all the three stages of growth indicating that lower 
phosphorus dose is sufficient to achieve maximum fresh weight. 
The increase in plant fresh weight produced by WWN90P60 over 
GWN112P30 (both of which proved optimum among two respective 
irrigation waters) at 50, 70 and 100 DAS was 13.82%, 8.71% and 
8.12% respectively. As the treatment WWN90P30 was at par with 
GWN90P60 at 50 and 70 DAS while at 100 DAS, WWN90P30 was at 
par with GWN112P30 on one hand and on the other hand with 
GWN90P60 indicating that wastewater at lower fertilizer doses is as 
much efficient as ground water with higher doses in enhancing the 
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plant fresh weight. Thus confirming the superiority of wastewater 
over ground water for irrigation purposes. 
4.5.1.3 Plant dry weight per plant 
It is evident from the Table 48 that treatment effect was not 
as distinct as noted in plant fresh weight especially at 50 and 70 
DAS. As in other growth parameters studied so far, here also 
wastewater irrigation enabled the plants to accumulate more dry 
matter as compared to ground water irrigation. The treatment 
WWN112P60, WWN112P30 and WWN90P60 proved equally effective 
at 50 and 100 DAS but at 70 DAS, GWN112P60 was statistically at 
par with above three treatments. Thus, in terms of fertilizer 
economy, WWN112P30 and WWN90P60 proved optimum treatments. 
Among wastewater irrigated plants, WWN68P30 proved least 
effective as compared to WWN112P30 and WWN9oP6o- Among 
ground water irrigated plants, GWN112P30 proved optimum as it 
equalled the next higher treatment viz., GWNn2P60- It may also be 
noted in general that wastewater at lower fertilizer doses can 
compensate for higher fertilizer doses given with ground water. As 
is evident from the statistically equal values produced by 
GWN,i2P6o, WWN90P30, and GWN112P30 at 50 and 100 DAS and by 
GWNn2P3o, WWN90P30 and GWN90P60 at 70 DAS. 
4.5.1.4 Leaf number per plant 
Wastewater irrigation resulted in the production of more 
leaves as compared to ground water irrigation (Table 47). The 
maximum value for leaf number per plant was shared by 
treatments WWNnzPeo, WWN112P30 and WWN90P60 at all the three 
stages of growth. Thus, the last two treatments proved optimum. 
The lowest number of leaves were recorded in the treatment 
GWNegPso at all the three stages of sampling. Among wastewater 
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irrigated plants, the lowest leaf number was recorded in treatment 
WWN68P30 whereas highest value was shared by the treatments 
viz., WWNnaPeo, WWNnsPao and WWN90P60 at all the three 
stages of growth. Among ground water irrigated plants, GWN112P30 
proved optimum at 50 and 70 DAS as it equalled GWN112P60 in 
recording maximum leaves at these two stages of growth. 
However, at 100 DAS, GWN112P30 and GWN90P60 proved optimum 
as both these treatments were at par with GWNnaPeo- The 
superiority of wastewater in compensating the extra nutritional 
requirements of plants over ground water is confirmed by 
statistically equal values produced by GWN112P60, GWN112P30, 
WWN90P30 and GWN90P60 at 100 DAS, at 70 DAS by WWN90P30, 
GWN112P60 and GWN,,2P30, at 50 DAS by GWN112P30, WWN90P30 
and GWN9oP6o- The leaf number per plant increased from 50 to 70 
DAS and then it declined from 70 to 100 DAS. 
4.5.1.5 Leaf area per plant 
Maximum value for leaf area was shared by treatments 
WWN,,2P6o, GWNn2P60, WWNn2P3o, WWN90P60 at 50 DAS, thus 
the last two treatments proved optimum at this stage of sampling 
(Table 49). At 70 DAS, WWN,i2P60, GWNiuPeo, WWN,,2P3o, 
WWN90P60, GWNn2P3o were equally effective in causing 
maximum leaf expansion, thus at this stage, last three treatments 
proved optimum. At 100 DAS, WWN90P30 equalled statistically 
those treatments, which at 70 DAS were at par. Thus, proving 
optimum at this stage of growth. Among wastewater treatments, 
WWNegPso proved least effective and was equalled by WWNegPeo 
at all the three stages of sampling. At 50 and 70 DAS, it recorded 
41.76% and 36.28% lower leaf area as compared to WWNii2P3o-
Similarly, as compared to WWN90P60, it was 38.52% and 34.29% 
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less at these two stages of sampling respectively. At 100 DAS, it 
was lagging behind WWN90P30 by 25.42%. Among ground water 
irrigated plants, GWN112P30 proved optimum at 50 and 70 DAS as 
it proved at par with GWN112P60 at these two stages of growth. 
However, at 100 DAS, GWN90P60 equalled the above two 
treatments in recording the maximum leaf area. The leaf area 
continuously increased from 50 to 70 DAS and then from 70 to 
100 DAS, it decreased. 
4.5.1.6 Specific leaf area 
It is clear from the data given in the Table 49 that specific 
leaf area was significantly enhanced by ground water as compared 
to wastewater, contrary to other parameters. The treatment 
GWNegPso proved best whereas inferior value was shared by 
WWN,,2P3o and WWN90P60 at 50 DAS and by WWN112P30 and 
WWN112P60 at 100 DAS. However, at 70 DAS, treatment 
WWNii2P6o proved inferior and was critically different from other 
treatments. Among ground water irrigated plants, the treatment 
GWN112P30 proved inferior at 50, 70 and 100 DAS and it was at 
par with GWN,i2P6o at 70 and 100 DAS. The treatment GWN68P30 
proved best and it recorded 90.71%, 56.78% and 59.16% increase 
over GWN112P30 at three respective stages of growth. Among 
wastewater irrigated plants, WWN68P30 proved best and inferior 
value was shared by treatments WWN90P60 and WWN112P30 at 50 
DAS and at 100 DAS by WWNn2P3o and WWN,,2P6o^ VJhereas at 
70 DAS, WWN112P60 gave the lowest value. The increase in 
specific leaf area produced by GWN68P30 over WWN68P30 (both of 
which proved best treatments among two irrigation waters) was 
9.43%, 11.85% and 9.57% at 50, 70 and 100 DAS respectively. 
Except for the treatment GWN112P30 where specific leaf area 
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continuously increased from 50 to 100 DAS, rest of the treatments, 
specific leaf area first decreased from 50 to 70 DAS and then 
again increased from 70 to 100 DAS. 
4.5.1.7 Total leaf dry weight per plant 
Wastewater significantly enhanced the leaf dry weight per 
plant over ground water (Table 50). The maximum value for leaf 
dry weight was shared by treatments viz., WWNnaPdo, WWN112P30 
and WWN90P6O at all the three stages of growth. Thus, WWN90P60 
and WWN112P30 proved better as far as the nitrogen and 
phosphorus is concerned. Among wastewater irrigated plants, 
maximum value was shared by the treatments WWN112P60, 
WWN112P30 and WWN90P60 whereas WWNegPso proved inferior 
and recorded 178.99%, 124.47% and 133.23% lower leaf dry 
weight as compared to WWN112P30 at 50, 70 and 100 DAS. 
Similarly, it recorded 169.74%, 118.48% and 125.30% decreased 
leaf dry weight as compared to WWN90P60 at three respective 
stages of sampling. Among ground water irrigated plants, the 
highest value for leaf dry weight was shared by GWN112P60 and 
GWN112P30 at all the three stages of growth. The treatment 
GWN68P30 proved least effective and recorded 152.58%, 101.18% 
and 103.72% decrease in leaf dry weight at 50, 70 and 100 DAS as 
compared to GWN112P30, which proved optimum. As the treatments 
GWN112P60, GWN112P30 and WWN90P30 were at par with one 
another at 70 and 100 DAS, indicating that wastewater at lower 
fertilizer doses can compensate for higher fertilizer dose given 
with ground water, thus, its use for irrigation can prove 
economical. 
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4.5.1.8 Specific leaf weight 
Wastewater irrigation resulted in slight enhancement of 
specific leaf weight in comparison to ground water irrigation 
(Table 50). As in other growth parameters, here also maximum 
value for specific leaf weight was shared by treatments viz., 
WWN112P60, WWN112P30 and WWN9oP6o. Thus, here also, latter 
two treatments proved optimum at all the three stages of growth. 
Whereas, the least effective treatment was GWNegPso, which 
proved at par with WWNegPso at 50, 70 and 100 DAS. The increase 
in specific leaf weight produced by WWN90P60 over GWNegPao at 
three respective stages of sampling was 113.30%, 82.08% and 
87.56% respectively. Similarly, WWN112P30 enhanced the specific 
leaf weight by 115.49%, 84.32% and 91.98% over GWNggPso at 50, 
70 and 100 DAS respectively. Among ground water irrigated 
plants, GWN112P30, GWN90P60 and GWNnsPeo shared the 
highest value for specific leaf weight at 70 and 100 DAS. 
However, at 50 DAS, GWN112P60 proved inferior to these 
treatments. Among wastewater irrigated plants, WWNegPao gave 
the lowest specific leaf weight and it recorded 94.71%, 62.77% 
and 71.03% decreased specific leaf weight as compared to 
WWN90P60 at 50, 70 and 100 DAS respectively. Similarly, it was 
trailing behind WWN112P30 by 96.71%, 64.78% and 75.06% at 
three respective stages of sampling. 
4.5.1.9 Flower number per plant 
It is evident from the Table 51 that wastewater irrigation 
resulted in the production of more flowers as compared to ground 
water irrigation. Just like in other morphological parameters, here 
also WWN112P60, WWN112P30 and WWN90P60 proved at par in 
recording maximum flower number per plant at both 70 and 100 
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DAS. Among wastewater irrigated plants, WWNegPso proved least 
effective treatment whereas maximum value was shared by 
treatments WWN112P60, WWNnaPao and WWN90P60 at both 70 and 
100 DAS. Among ground water irrigated plants, GWN112P30 proved 
optimum as it was at par with next higher treatment GWN112P60 at 
both stages of sampling^ whereas least effective treatment was 
GWN68P30 at both 70 and 100 DAS. As the treatments GWNiuPco, 
GWNn2P3o and WWN90P30 proved statistically equal at both the 
stages of growth confirming the superiority of wastewater over 
ground water for irrigation purpose. Flower number declined with 
age of plants in all treatments. 
4.5.1.10 Flower bud number per plant 
Wastewater irrigation resulted in the production of more 
flower buds per plant as compared to ground water (Table 51). As 
in other growth parameters, the least effective treatment was 
GWN68P30 and the same two treatments viz., WWN112P30 and 
WWN90P60 here also proved optimum, as both these treatments, 
equalled WWNinPeo at both the stages of growth. The two 
treatments viz., WWN90P60 and WWN112P30 proved optimum 
among wastewater irrigated plants also whereas treatment 
WWNegPso proved least efficient. Among ground water irrigated 
plants, the treatment GWN112P30 proved optimum as it was at par 
with GWN112P60 at both stages of sampling. It enhanced the flower 
bud number by 71.79% and 287.5% at 70 and 100 DAS 
respectively over GWNegPso- The flower buds decreased with age 
of plants. 
4.5.2 Physiological parameters 
All the data regarding physiological parameters viz., 
photosynthetic rate, stomatal conductance and photosynthetic 
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water use efficiency studied at 50, 70 and 100 DAS was found to 
be significant, which in brief is described below in the following 
pages. 
4.5.2.1 Photosynthetic rate 
The data given in the Table 52 indicates that wastewater 
irrigation slightly enhanced the photosynthetic rate over ground 
water. The maximum value at all the three stages of growth was 
shared by WWN112P30 and WWNnzPeo- Thus, WWN112P30 proved 
optimum. WWN112P30 in turn was at par with GWN112P60, 
WWN90P60, and GWN112P30 at 50 DAS but at 70 DAS, it was 
equalled by WWN90P60 and GWNii2P6o- The lowest photosynthetic 
rate was recorded by GWN68P30 at all the stages of growth. The 
increase in photosynthetic rate produced by WWN112P30 over 
GWNegPso at three respective stages of sampling was 47.63%, 
50.44% and 46.77%. Among wastewater irrigated plants, 
WWN68P30 recorded 36.60%, 42.19% and 40.09% lower values as 
compared to optimum treatment WWN112P30 at 50, 70 and 100 
DAS respectively. Among ground water irrigated plants, 
GWN112P30 proved optimum, as it equalled GWN112P60 at all the 
three stages of sampling in recording the maximum value and it 
(GWN112P30) increased the photosynthetic rate by 41.32%, 43.14% 
and 39.23% at 50, 70 and 100 DAS respectively over GWNegPso-
Photosynthetic rate increased from 50-100 DAS. 
4.5.2.2 Stomatal conductance 
Wastewater irrigated plants recorded slight increase in 
stomatal conductance over ground water irrigated plants (Table 
52). The maximum value at 50, 70 and 100 DAS was shared by 
WWN112P60 and WWNii2P3o. Thus, as in photosynthetic rate here 
also WWN112P30 proved optimum. The lowest value was given by 
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GWNegPso at all the three stages of sampling. The increase in 
stomatal conductance produced by WWNn2P30 over GWNegPao at 
three stages of sampling was 40.41%, 39.68% and 31.95% 
respectively. Among ground water irrigated plants, GWN112P30 
proved optimum as it proved at par with GWNnaPeo at all the three 
stages of growth. Similarly, among wastewater irrigated plants, 
WWN112P30 proved optimum as it equalled the highest value 
recorded in the treatment WWNii2P6o- WWNniPso enhanced the 
stomatal conductance by 31.88%, 35.43%) and 28.32% at 50, 70 
and 100 DAS over WWNegPso- The increase in stomatal 
conductance produced by WWN112P30 over GWN112P30 at three 
stages of sampling was 3.93%, 3.14% and 3.05% respectively. 
4.5.2.3 Photosynthetic water use efficiency 
More photosynthetic water use efficiency was recorded in 
plants grown with wastewater (Table 52) in comparison to those 
grown with ground water. The treatment WWNn2P6o proved at par 
with WWN112P30 at 50 and 100 DAS. Thus, WWN112P30 proved 
optimum, whereas at 70 DAS, WWN112P60 was best. Among 
wastewater irrigated plants, the lowest photosynthetic water use 
efficiency was recorded in the treatment WWN68P30 at 50 DAS and 
at 70 and 100 DAS; it was at par with WWNggPeo. WWN6gP3o 
recorded 3.58% and 9.16% decrease when compared with 
WWNn2P30 at 50 and 100 DAS and at 70 DAS, it was lagging 
behind WWN112P60 by 6.69%. Similarly, among ground water 
irrigated plants, GWN112P60 proved best at 100 DAS, but at 70 and 
50 DAS, it was statistically equalled by GWNii2P3o. The increase 
in photosynthetic water use efficiency produced by GWN112P30 
over GWNfigPso was 4.59% and 5.69% at 50 and 70 DAS 
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respectively whereas, GWNegPao recorded 10.78% lower value as 
compared to GWNnsPeo at 100 DAS. 
4.5.3 Leaf N, P and K contents 
Data regarding leaf N, P and K contents were significant at 
all the three stages of sampling and is described briefly below. 
4.5.3.1 Leaf nitrogen content 
In general, leaf nitrogen content increased with increase in 
nitrogen doses in both irrigation waters but it continuously 
decreased from 50 DAS upto last stage of sampling (Table 53). 
The maximum value for leaf nitrogen content was shared by 
treatments WWN112P60 and WWN112P30 at all the three stages of 
growth. Thus, treatment WWNn2P3o proved optimum. The lowest 
value was shared by GWNegPso and GWNegPeo at 50 DAS and by 
GWN90P30, GWNggPeo and GWNegPso at 70 DAS. However, at 100 
DAS, GWNegPso was critically different from other treatments in 
recording lowest value. The increase in leaf nitrogen content 
produced by WWN112P30 at three respective stages of sampling 
over GWNegPso was 73.86%, 64.39% and 66.41% respectively. 
Among ground water irrigated plants, GWN112P60 proved best at 
all the three stages of growth and enhanced the leaf nitrogen 
content by 58.03%, 55.85% and 64.88% at 50, 70 and 100 DAS 
respectively over GWN6gP3o- Similarly, among wastewater 
irrigated plants, WWN112P60 and WWNn2P3o shared maximum 
value. Thus, latter treatment proved optimum whereas WWN6gP6o 
and WWNegPso shared the lowest value at 50 and 70 DAS. At 100 
DAS, lowest value was given by WWN6gP3o, which was critically 
different from WWNegPeo- The treatment WWN6gP3o was lagging 
behind WWNi,2P3o at 50, 70 and 100 DAS by 43.84%, 31.12% and 
29.50% respectively. 
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4.5.3.2 Leaf phosphorus content 
Like nitrogen content, it also increased with increase in 
nitrogen doses. Expectedly, 60kg P/ha proved more effective as 
compared to 30kg P/ha. Similarly, wastewater, in general, also 
increased leaf phosphorus content than ground water (Table 53). 
The treatment WWNniPeo proved best whereas lowest value was 
shared by treatments GWNegPao, GWNegPeo and WWNegPso at 50 
DAS, GWNfigPjo and GWNggPeo at 70 and 100 DAS. The increase 
in leaf phosphorus content produced by WWN112P60 over 
GWNegPso at three respective stages of sampling was 33.56%, 
39.31% and 38.53%. Among wastewater irrigated plants, the 
treatment WWNegPao gave the poorest effect. However, it was 
equalled by WWN68P60 at 100 DAS. Among ground water irrigated 
plants, GWN112P60 proved superior and enhanced the leaf 
phosphorus content by 22.54%, 28.81% and 29.64% at three 
respective stages of sampling over GWNegPao- The increase in leaf 
phosphorus content produced by WWN112P60 over GWNi]2P6o at 
three respective stages of sampling was 8.98%, 8.14% and 6.85%. 
Like leaf nitrogen content, phosphorus content also decreased with 
age of plants. 
4.5.3.3 Leaf potassium content 
As observed in nitrogen content, potassium content in leaf 
also increased with the increase in nitrogen doses. Wastewater 
also enhanced the potassium content in leaf when compared to 
ground water (Table 53). As in leaf nitrogen content, here also 
WWN112P30 proved optimum in terms of fertilizer economy as it 
equalled the treatment, which was higher to it, i.e. WWN112P60 in 
recording maximum leaf potassium content. The least efficient 
treatment was GWNegPso- It was statistically equalled by 
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GWN68P60 at all the three stages of growth. The increase in leaf 
potassium content produced by WWNn2P3o at 50, 70 and 100 DAS 
was 47.75%, 51.45% and 57.14% respectively over GWNggPso- The 
treatment WWN112P30 proved optimum among wastewater irrigated 
plants as it was at par with WWN112P60 at all the three stages of 
growth. It enhanced the leaf potassium content by 22.86%, 24.78% 
and 30.02% at 50, 70 and 100 DAS respectively over WWNggPso. 
Among ground water irrigated plants, GWN112P60, GWNn2P3o and 
GWN90P60 proved equally effective. The leaf potassium content 
continuously decreased from 50 to 100 DAS. 
4.5.4 Yield parameters 
The two irrigation waters as well as different nitrogen and 
phosphorus doses gave significant data on yield parameters. The 
data in brief is described below. 
4.5.4.1 Biological yield per plant 
Data in the Table 54 indicates that wastewater significantly 
enhanced the biological yield over ground water. The maximum 
value for biological yield was shared by WWN90P60, WWN112P30 
and WWNii2p6o- Thus, among all the treatments, the former two 
treatments proved optimum in terms of fertilizer economy. Also, 
among wastewater irrigated plants, the above two treatments 
proved optimum. The increase in biological yield produced by 
WWN90P60 and WWN112P30 over GWNegPso (which proved least 
effective along with GWNegPeo) was 63.66% and 70.33% 
respectively. Among ground water irrigated plants, GWNn2P3o 
proved optimum, as it statistically equalled the highest value 
recorded in the treatment GWNnaPeo- It (GWN112P30) recorded an 
increase of 52.75% over GWNegPso- As the treatment, WWN90P30 
was at par with GWNn2P3o and GWN112P60 on one hand and on the 
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Other hand, with GWNgoPeo, thus, again confirming the superiority 
of wastewater for irrigation purpose over ground water. 
4.5.4.2 Pod length 
In general, slightly longer pods were obtained in plants 
grown with wastewater irrigation as compared to ground water 
irrigation (Table 55). The highest value for pod length was shared 
by treatments WWN112P60, WWN112P30 and WWN90P60 at 70 and 
100 DAS, but at harvesting stage, GWN112P60 equalled the above 
mentioned treatments in recording maximum pod length. Thus, 
here also WWN112P30 and WWN90P60 proved optimum. The 
increase in pod length produced by WWN112P30 over GWNegPso at 
three respective stages of sampling was 33.33%, 36.0% and 
30.35%. Similarly, WWN90P60 recorded 28.88%, 30.0%, and 
26.78% increase in pod length at these stages of sampling over 
GWNegPso- In terms of fertilizer economy, the above two 
treatments viz., WWN112P30 and WWN90P60 also proved optimum 
for wastewater irrigated plants. Among ground water irrigated 
plants, GWN90P30 proved optimum treatment as it proved at par 
with other treatments viz., GWN90P60, GWN112P30 and GWN112P60 
at 70 DAS. Whereas at 100 DAS, GWN90P60 and GWN112P30 
equalled the next higher treatment GWNii2P6o- At harvesting, 
GWN112P30 proved optimum as it equalled GWNinPeo- Unlike 
other parameters studied so far, the treatment effect was not 
distinct as most of the treatments were at par with one another in 
one or in other way. There was a continuous increase in pod length 
with age of plants. 
4.5.4.3 Number of pods per plant 
The data in the Table 55 indicates that, here also, wastewater 
continued its superiority over ground water, thus, recording the 
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maximum pods per plant. Among all the treatments WWN112P60, 
WWN112P30 and WWN90P60 proved equally effective at all the 
three stages of growth. Thus, WWNn2P3o and WWN90P60 proved 
optimum whereas the lowest number of pods per plant was 
recorded in the treatment GWNegPso- Among ground water 
irrigated plants, GWN112P30 proved optimum at all the three stages 
as it equalled GWN112P60 in recording maximum pods per plant. 
The increase produced by GWN112P30 over GWNegPso at three 
respective stages was 76.92%, 72.13% and 78.31%. WWNggPso 
proved least effective treatment among wastewater irrigated plants 
and recorded 102.32%, 95.45% and 96.73% less pods as compared 
to WWN112P30 at three stages of sampling respectively. Similarly, 
WWN90P60 increased the pods per plant by 95.34%), 92.42%) and 
89.13% at three respective stages over WWN68P30- As in other 
parameters, here also, superiority of wastewater over ground water 
was confirmed by statistically equal values produced by 
WWN90P30, GWN,i2P60 and GWN112P30 at 70 DAS and at 
harvesting stage and also by equal values produced by WWN90P30 
and GWN112P60 at 100 DAS. The pod number per plant increased 
continuously with the age of plants. 
4.5.4.4 Number of seeds per pod 
Four treatments viz., WWN112P60, WWN112P30, WWN90P60 
and GWN112P60 proved equally effective in producing the 
maximum number of seeds per pod (Table 55). Thus, among all the 
treatments WWN112P30 and WWN90P60 proved optimum. The 
lowest value for seed number per pod was shared by treatments 
GWN68P30, GWN68P60 and GWN9oP3o. Similarly, among 
wastewater irrigated plants, the lowest value was shared by 
WWN90P30, WWNggPeo and WWN68P30- The increase in seed 
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number per pod produced by WWNnsPao and WWN90P60 over 
GWNegPso was 19.56% and 18.11% respectively and over 
WWNegPso was 10.73% and 9.39% respectively. Among ground 
water irrigated plants, the optimum treatment was GWN112P30 as it 
equalled GWN112P60 and increased the seed number per pod by 
12.31% over OWNegPao-
4.5.4.5 1,000 seed weight 
Data in the Table 55 indicates that as in seed number per 
pod, here also maximum value was shared by WWN112P30, 
WWN90P60, WWN112P60 and GWNujPeo- Thus, in terms of 
fertilizer economy, the former two treatments proved optimum 
overall and also among treatments given with wastewater. The 
lowest value was shared by the treatments viz., WWNegPso, 
GWN90P30, GWNegPeo and GWNggPso- The increase in 1,000 seed 
weight produced by WWN112P30 and WWN90P60 over GWN6gP3o 
was 23.02% and 22.25% respectively. Among wastewater irrigated 
plants, the least effective treatment was WWN6gP3o and it was at 
par with WWNggPeo- It (WWN6gP3o) recorded 17.92% and 17.18% 
lower values as compared to WWN112P30 and WWN90P60 
respectively. Among ground water irrigated plants, the treatments 
GWN112P30 and GWN112P60 were at par. The increase in 1,000 seed 
weight recorded by GWNn2P30 over GWN6gP3o was 15.91%. 
4.5.4.6 Seed yield per plant 
Seed yield was significantly enhanced by wastewater as 
compared to ground water. It is clear from the Table 54 that out of 
twelve treatments, the maximum value for seed yield was shared 
by the treatments viz., WWN112P30, WWN90P60 and WWNii2P60-
Thus, the former two treatments proved optimum overall and also 
among wastewater irrigated plants. The lowest value was shared 
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by GWNfigPeo and GWNegPso- GWNggPso recorded 106.99% and 
98.66% lower values as compared to WWN112P30 and WWNgoPeo 
respectively. S imilarly, the treatments WWNggP^o and WWNggPso 
shared the lowest value among wastewater irrigated plants and 
latter recorded 75.40% and 68.34% lower values as compared to 
WWNnaPso and WWN90P60 respectively. Among ground water 
irrigated plants, GWN112P30 proved optimum as it was at par with 
GWNii2P6o- The increase in seed yield produced by GWN112P30 
over GWNggPso was 74.25%. GWNi,2P30 recorded 14.00% and 
18.78% lower seed yield as compared to WWNgoPeo and 
WWN112P30 respectively. The treatment, WWN90P30 was at par 
with GWN112P60 and GWN112P30 on one hand and on the other 
hand, it was at par with GWNgoPeo- Thus indicating that 
wastewater irrigation can prove profitable as compared to ground 
water irrigation as its use can save wastage of fertilizer. 
4.5.4.7 Oil yield 
Wastewater irrigation significantly enhanced the oil yield in 
comparison to ground water irrigation (Table 54). As in most of 
the growth and yield parameters, here also, treatments viz., 
WWN112P60, WWN90P60 and WWN112P30 proved superior and 
equally effective in the production of maximum oil yield. Whereas 
lowest oil yield was recorded in the treatment GWNegPso-
GWN68P30 recorded 101.23% and 102.95% less oil yield as 
compared to WWN112P30 and WWN90P60 respectively. Among 
wastewater irrigated plants, WWN68P30 proved leas t ' effective 
treatment and it recorded 64.82% and 63.43% decreased oil yield 
in comparison to treatments WWNgoPeo and WWN112P30 
respectively. Among ground water irrigated plants, GWNn2P60 
proved superior and enhanced the oil yield by 73.59% over 
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GWNegPso- The superiority of wastewater over ground water is 
again confirmed by statistically equal values produced by 
GWN112P60 and WWN90P30 and also by WWNegPso and GWNggPeo-
4.5.4.8 Harvest index 
Wastewater irrigation proved superior over ground water in 
enhancing the harvest index (Table 54). The maximum value was 
shared by treatments viz., WWN112P60, WWNn2P3o and 
WWNQoPeo- Among wastewater irrigated plants, WWNegPso proved 
least effective giving 18.69% and 18.55% lower value than 
WWN112P30 and WWN90P60 respectively. Among ground water 
irrigated plants, GWN112P60 and GWNn2P3o proved equally 
efficient in producing the highest harvest index. The increase in 
harvest index produced by GWN112P30 over GWN68P30 was 
14.07%. The increase in harvest index produced by WWN112P30 
and WWN90P60 over GWNi^Pso was 6.52% and 6.40% 
respectively. As the treatments GWN112P60, WWN90P30 and 
GWN112P30 were at par with each other, thus, confirming the 
economical value of wastewater. 
4.5.5 Quality parameters 
The data for iodine value and saponification value was non-
significant while that of oil content and acid value was significant 
and is briefly described below. 
4.5.5.1 Oil content 
It is clear from the Table 56 that the treatment WWNegPso 
proved optimum for oil content as it proved at par with next higher 
treatment i.e. WWNegPeo in recording the maximum oil content. 
Whereas the least effective treatment was GWNn2P3o, which in 
turn was equalled by GWNn2P6o and WWNnjPso- GWN112P30 
recorded 9.84% lower value as compared to WWNegPso- Among 
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ground water irrigated plants, GWNegPeo proved best and enhanced 
the oil content by 8.08% over GWNnaPao- Among wastewater 
irrigated plants, the lowest value for oil content was shared by 
treatments WWN112P30, WWNnaPeo and WWN90P30. Whereas 
WWN68P30 proved optimum treatment and it enhanced the oil 
content by 7.33% over WWN112P30. 
4.5.5.2 Acid value 
Maximum acid value was shared by treatments viz., 
GWN68P60, GWN68P30, GWN90P30 and WWN68P60 (Table 56). The 
lowest value was recorded by WWN112P30, which in turn was 
equalled by treatments WWNnsPeo, GWNn2P3o and GWNii2P6o. 
Among ground water irrigated plants, GWNegPso proved at par 
with higher treatments viz., GWNegPeo and GWN90P30 in recording 
the maximum value while the lowest effect was shared by 
GWN112P30 and GWNii2P6o- Among wastewater irrigated plants, 
WWNegPeo recorded the maximum value and it was equalled 
statistically by WWNpoPeo- As in yield parameters, here also, the 
treatment effect was not so clear as most of the treatments were 
statistically equal in one way or the other. 
4.6 Experiment VI (linseed) 
In this pot experiment, the effect of three nitrogen and two 
phosphorus doses along with a uniform dose of K30 applied basally 
under wastewater and ground water irrigation on growth, leaf N, P, 
K contents, yield and seed quality of linseed {Linum usitatissimum 
L.) was studied. The data, which was found significant on 
analysis, is described below. 
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4.6.1 Growth parameters 
The growth parameters, which were studied at three 
respective stages of sampling are described below. 
4.6.1.1 Plant Height 
Value for highest plant height was shared by treatments 
WWNfigPeo, GWNgoPeo and WWNgoPao- Thus, in terms of economy, 
WWNggPeo and WWN90P30 proved optimum (Table 57). The 
shortest plants were recorded in the treatments GWNegPao at all the 
stages of growth. Among ground water irrigated plants, GWNgoPeo 
proved best and increased the plant height by 40.66%, 30.55% and 
27.47% over GWNagPao at three stages of sampling respectively. 
Similarly, among wastewater irrigated plants, the lowest value was 
shared by treatments WWNegPao and WWNii2P6o- Whereas 
treatments WWNegPeo and WWN90P30 shared the highest value at 
all the stages of growth and the higher treatments viz., WWN90P60, 
WWN112P30 and WWN112P60 comparatively proved deleterious. 
4.6.1.2 Plant fresh weight per plant 
The data for plant fresh weight was non-significant at 50 
DAS and was significant at 70 and 100 DAS (Table 58). At these 
two stages of sampling the three treatments viz., WWNegPeo, 
GWN90P60 and WWN90P30 proved equally effective in recording 
maximum plant fresh weight. Thus, here also as in plant height 
WWN90P30 and WWNegPeo proved optimum. The lowest fresh 
weight was recorded in treatment GWN68P30, which proved at par 
with GWNegPeo at 100 DAS. Among wastewater irrigated plants, 
WWN112P60 proved deleterious and at two respective stages of 
growth (70 and 100 DAS), it recorded 43.29% and 21.54% lower 
plant fresh weight as compared to WWNegPeo- Similarly, it was 
trailing behind WWN90P30 by 39 .21% and 17.63% at 70 and 100 
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DAS respectively. Among ground water irrigated plants, the fresh 
weight per plant increased with increase in nitrogen upto N90 
kg/ha whereas higher fertilizer doses i.e. N112 with P30 and Peo 
proved inferior as compared to it. The treatment GWNpoPeo proved 
best at 70 DAS and it recorded an increase of 60.05% over 
GWNegPso- But at 100 DAS, GWN90P30 proved optimum as it along 
with another but higher treatment GWNnaPso equalled the highest 
value recorded in the treatment GWNgoPeo and it (GWN90P30) 
enhanced the plant fresh weight by 27.0% over GWN6gP3o. 
4.6.1.3 Plant dry weight per plant 
Table 58 indicates that the value for highest dry weight was 
shared by WWNegPeo and GWN90P60 at 50 and 70 DAS, whereas at 
100 DAS, WWN90P30 equalled the above two treatments as in other 
growth parameters studied so far. The least efficient treatment was 
GWN68P30, which was equalled by WWN112P60 at 50 DAS. Among 
wastewater irrigated plants, WWNegPeo proved superior at 50 and 
70 DAS, whereas at 100 DAS, it (WWNegPeo) shared its maximum 
value with WWN90P30 and three higher treatments viz., WWN90P60, 
WWN112P30 and WWN112P60 proved detrimental for plant dry 
weight with WWN112P60 giving lowest value at all the stages of 
sampling and at 100 DAS, it was at par with WWN112P30 and 
WWNegPao- The increase in plant dry weight produced by 
WWNfigPeo over WWN112P60 at 50, 70 and 100 DAS was 50.0%, 
40.22% and 20.37% respectively. Similarly, at 100 DAS, 
WWN90P30 increased the plant dry weight by 19.34% over 
WWNii2P6o- Among ground water irrigated plants, the plant dry 
weight accumulation showed a linear increase with increasing 
fertilizer doses upto GWNgoPeo and the two treatments viz., 
GWN112P30 and GWNiiaPeo proved inferior as compared to it. It 
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(GWNgoPeo) recorded 58.18%, 56.66% and 43.62% increased value 
as compared to GWNegPao at 50, 70 and 100 DAS respectively and 
increase in plant dry weight produced by GWN90P60 at three 
respective stages of growth over GWN112P60 was 18.28%, 22.07% 
and 17.50%. The dry weight accumulation increased with age of 
plants. 
4.6.1.4 Leaf number per plant 
The highest value for leaf number was shared by treatments 
viz., WWNggPeo, GWN90P60 and WWN90P30 at all the three stages 
of growth (Table 57). Whereas lowest leaf number was recorded in 
treatments GWNegPao at 50, 70 and 100 DAS. WWNegPeo and 
WWN90P30 also proved best among wastewater irrigated plants. 
The former treatment enhanced the leaf number by 15.41%, 
11.98% and 11.46% at 50, 70 and 100 DAS respectively over 
WWN68P30. Whereas the latter enhanced it by 14.38%, 11.73% and 
10.31% at three respective stages of growth over WWNegPso-
Among ground water irrigated plants, GWN90P60 proved superior 
and enhanced the leaf number by 27.75%, 24.78% and 24.11% 
over GWNegPso at 50, 70 and 100 DAS respectively. The fertilizer 
dose WWN112P60, at three respective stages of growth recorded 
lower values of 8.36%, 4.02% and 4.85% as compared to 
WWNftgPeo and 7.39%, 3.79% and 3.77% as compared to 
WWN90P30. Similarly, GWN90P60 recorded 9.80%, 2.33% and 
2.93% increase in leaf number over GWNn2P6o at 50, 70 and 100 
DAS respectively. The leaf number increased from 50 to 70 DAS 
and then from 70 to 100 DAS, it decreased. 
4.6.1.5 Leaf area per plant 
The data for leaf area was non-significant at 100 DAS. 
However, at 50 and 70 DAS, it was significant (Table 59). At 50 
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DAS, maximum value for leaf area was shared by treatments 
WWNfigPeo, GWN90P60, WWN90P30, GWNnzPao, GWNiuPeo, 
WWN90P60, WWNiizPao and GWNgoPso- At 70 DAS, WWNnzPeo 
equalled the above mentioned treatments statistically in recording 
the maximum leaf area per plant. Thus, in terms of fertilizer 
economy, WWNegPeo, GWN90P30 and WWN90P30 proved optimum 
treatments at 50 and 70 DAS. The lowest leaf area was recorded in 
the treatment GWN68P30, which was at par with GWNegPeo, 
WWN68P30 at 70 DAS. The treatments viz., WWNegPeo and 
WWN90P30 also proved optimum among wastewater irrigated 
plants, the least effective treatment was WWN68P30- The treatment 
WWNegPeo increased the leaf area by 15.52% and 13.17% at 50 
and 70 DAS respectively over WWN68P30. Similarly, WWNegPso 
was lagging behind WWN90P30 by 13.71% and 12.40% at 50 and 
70 DAS respectively. 
4.6.1.6 Specific leaf area 
Contrary to other parameters, specific leaf area was 
significantly enhanced more by ground water as compared to 
wastewater (Table 59). Here, the treatment GWN68P30 proved best 
at all the stages of growth. The increase in specific leaf area 
produced by it over WWN68P60 (which recorded lowest specific 
leaf area) at three stages of sampling was 26.29%, 25.26% and 
50.57% respectively. The increase in specific leaf area produced 
by WWN68P30 over WWNggPeo at 50, 70 and 100 DAS was 8.79%, 
9.76% and 15.38% respectively. The increase produced by 
GWN68P30 over GWNn2P60 at three respective stages of growth 
was 12.29%, 6.22% and 37.62%. Similarly, the treatment 
WWN68P30, was at par with WWN112P60 at 50 and 70 DAS, but 
increased the specific leaf area by 5.91% as compared to it 
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(WWN112P60) at 100 DAS. Specific leaf area increased 
continuously from 50 DAS upto 100 DAS in most of the 
treatments. 
4.6.1.7 Total leaf dry weight per plant 
The treatment effect was not much clear as most of the 
treatments, gave equal values in one or in other way (Table 60). At 
50 DAS, treatments WWNegPeo, GWN90P60, WWN90P30, 
WWN90P60, GWN,,2P30, GWN90P30, WWNnaPso, GWNnzPeo 
proved equally effective in recording highest leaf dry weight. 
Thus, at this stage of sampling, WWNegPeo, WWN90P30 and 
GWN90P30 proved optimum. At 70 DAS, the treatments viz., 
WWNegPeo and WWN90P30 proved optimum as these along with 
treatment GWN90P60 proved equally effective in recording the 
highest leaf dry weight. At 100 DAS, treatments WWNegPeo, 
GWN90P60, WWN90P30, WWN90P60, GWN90P30 recorded the 
maximum leaf dry weight per plant. Thus, at this stage, treatments 
WWNegPeo, WWN90P30 and GWN90P30 proved optimum. Among 
wastewater irrigated plants, the lowest leaf dry weight was 
recorded in the treatment WWNegPso at 50, 70 and 100 DAS. It 
recorded 25.68% decreased value as compared to the optimum 
treatment WWNegPeo at 50 DAS. At 70 DAS, it was lagging behind 
WWNfigPeo and WWN90P30 by 24.22% and 19.41% respectively. At 
100 DAS, WWN68P60 and WWN90P30 respectively recorded 26.55% 
and 24.41% increase over WWN68P30. Among ground water 
irrigated plants, GWN90P30 proved optimum as it shared the 
maximum value with higher treatments viz.,. GWN90P60, 
GWN112P30, and GWN^i iP^^ at 50 DAS, at 70 DAS, with 
GWN90P60 and at 100 DAS with GWN90P60 and GWNiuPso- It 
recorded 42.21%, 41.57% and 64.43% increase in leaf dry weight 
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over GWNegPso at 50, 70 and 100 DAS respectively. Leaf dry 
weight increased from 50 DAS upto 70 DAS and then it sharply 
declined from 70 DAS to 100 DAS. 
4.6.1.8 Specific leaf weight 
It is evident from the Table 60 that at 50 DAS, the maximum 
value for specific leaf weight was shared by treatments WWNegPeo 
and CWNgoPeo- At 70 DAS, the highest value was shared by 
treatments WWNfigPeo, GWNgoPeo and WWN90P30 at 100 DAS, 
WWN90P60 and GWN90P30 caught up with the above mentioned 
treatments. Thus, in terms of fertilizer economy, WWNegPeo 
proved optimum at 50 DAS, WWNegPeo and WWN90P30 at 70 DAS 
and 100 DAS WWN68P60, WWN90P30 and GWN90P30 proved 
optimum. Among wastewater treatments, at 50 DAS, WWNegPeo 
proved best. At 70 DAS, WWNegPeo and WWN90P30 proved equally 
effective in recording the maximum specific leaf weight. Whereas 
at 100 DAS, maximum value was shared by treatments WWNegPeo, 
WWN90P30 and WWNgoPeo- Among ground water irrigated plants, 
GWN90P60 proved best at 50 DAS. Whereas at 70 and 100 DAS, 
GWN90P30 equalled GWN90P60 in recording maximum specific leaf 
weight at these two stages of sampling. 
4.6.1.9 Flower number per plant 
The three treatments viz., WWNegPeo, GWN90P60 and 
WWN90P30, as in other growth parameters studied so far, proved 
equally effective in recording highest flowers per plant at 70 DAS. 
Whereas at 100 DAS, WWN90P60 also equalled the above 
treatments in recording highest flowers per plant. Thus, WWNegPeo 
and WWN90P30 here also proved optimum (Table 61). Whereas the 
least effective treatment was GWNegPso at both these stages of 
sampling. WWNegPeo recorded 46.03% and 82.60% increase in 
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flower number per plant over GWNegPao at 70 and 100 DAS 
respectively. Similarly, WWN90P30 increased the flower number by 
41.26% and 78.26% over GWNegPso at these two stages of 
sampling respectively. Among wastewater irrigated plants, the 
highest nitrogen dose N112 along with P30 and ?60 proved 
detrimental as in other growth parameters and lowest flower 
number was recorded in the treatment WWNii2P6o- It was at par 
with WWN68P30 at both 70 and 100 DAS. At two respective stages 
of sampling, it (WWNnjPeo) recorded 24.32% and 44.82% 
decrease in flower number as compared to WWNegPeo and 20.27% 
and 41.37% lower values as compared to WWNgoPso- Among 
ground water irrigated plants, at 70 DAS, GWN90P60 proved best 
whereas at 100 DAS, GWN90P30 equalled GWN90P60 in recording 
maximum flower number. GWNegPso proved least effective. The 
flower number declined with age of plants. 
4.6.1.10 Flower bud number per plant 
It is clear from the Table 61 that wastewater at lower 
fertilizer doses can prove as much efficient as higher fertilizer 
doses given with ground water in recording maximum flower buds 
per plant at both 70 and 100 DAS as is evident from statistically 
equal values produced by WWN68P60, GWN90P60, WWN90P30 and 
GWN112P30 at 70 and 100 DAS. Thus, WWNggPeo and WWN90P30 
proved optimum whereas GWN68P30 proved inferior. The increase 
in flower bud number produced by WWNegPeo over GWN68P30 was 
44.44% and 85.71% at 70 and 100 DAS respectively. WWN90P30 
recorded 40.74% and 76.19% increase in flower bud number over 
GWN68P30 at 70 and 100 DAS respectively. Among ground water 
irrigated plants, GWN90P60 proved at par with GWN112P30 at both 
70 and 100 DAS in recording maximum flower buds per plant. 
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Among wastewater irrigated plants three higher treatments viz., 
WWN90P60, WWN112P30 and WWN112P60 proved detrimental for 
flower bud number per plant, whereas WWNegPeo and WWN90P30 
proved optimum. Just like flower number, flower bud number 
decreased from 70 to 100 DAS. 
4.6.2 Leaf N, P and K contents 
The effect of nitrogen and phosphorus doses given with 
ground water and wastewater were found to be significant. The 
data is described below briefly. 
4.6.2.1 Leaf nitrogen content 
Table 62 indicates that maximum value for leaf nitrogen 
content was shared by WWN112P60, WWNn2P3o, GWNmPeo, 
WWN90P60 and GWN112P30 at all the three stages of growth. Thus, 
WWN112P30, WWN90P60 and GWN112P30 proved optimum 
treatments. Among treatments given with wastewater, WWN68P30 
shared its lowest value with WWN68P60 at three stages of growth 
and recorded 47.34%, 48 .61% and 50.89% lower values as 
compared to WWN90P60 at 50, 70 and 100 DAS respectively. The 
per cent increase in leaf nitrogen content recorded by WWN112P30 
over WWNegPso at three respective stages of growth was 4 9 . 1 1 , 
50.27 and 52.99- Among ground water irrigated plants, the 
treatment GWN90P30 proved optimum as it equalled GWN90P60, 
GWN112P30 and GWN112P60 in recording maximum nitrogen 
content at all the stages. It registered an increase of 30.58%, 
31.67% and 32.17% over GWN68P30 at 50, 70 and 100 DAS 
respectively. The leaf nitrogen content declined with age of plants. 
4.6.2.2 Leaf phosphorus content 
Leaf phosphorus content was enhanced significantly by 
wastewater irrigation as compared to ground water irrigation 
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(Table 62). The treatments WWN90P30, WWN90P60, WWN112P30, 
WWN112P60 proved equally effective in recording the maximum 
leaf phosphorus content at all the three stages of growth. Thus, 
WWN90P30 proved optimum. Among ground water treatments, 
GWN112P60, GWN112P30, GWN90P60, GWN90P30 proved equally 
effective at all the three stages of growth, thus, in terms of 
fertilizer economy, GWN90P30 proved optimum whereas GWNegPso 
gave the lowest value. The increase recorded by GWN90P30 over 
GWN68P30 was 27.85%, 25.19% and 25.21% at 50, 70 and 100 
DAS respectively. Among wastewater irrigated plants, 
WWNgoPsoproved optimum as it proved at par with treatments viz., 
WWNgoPeo, WWN112P30 and WWN112P60 in recording maximum 
leaf phosphorus content. Like nitrogen content, phosphorus 
content also declined with the age of plants. 
4.6.2.3 Leaf potassium content 
More potassium content was recorded in leaves of 
wastewater irrigated plants. It is also clear from the Table 62 that 
WWN90P30 proved optimum at all the three stages of sampling as it 
equalled WWN90P60, WWN112P30 and WWN112P60 in recording 
maximum potassium content. Among wastewater irrigated plants, 
the same four treatments mentioned above shared the maximum 
value at all the stages of growth. Among ground water irrigated 
plants, GWN112P30 proved optimum as it proved at par with 
GWN112P60 in recording maximum potassium content. As the 
treatments GWN90P60, GWN90P30 and WWN68P30 proved equally 
effective at all the three stages of growth, thus again confirming 
the superiority of wastewater over ground water for irrigation 
purposes. Like leaf nitrogen and phosphorus contents, leaf 
potassium content also showed a continuous decline from 50-100 
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DAS. Among all the three nutrient elements, nitrogen was 
maximum followed by potassium and phosphorus. 
4.6.3 Yield parameters 
The two irrigation waters along with three nitrogen and two 
phosphorus doses supplemented with a uniform basal dose of 
potassium, gave significant data, except for seed number per 
capsule when yield parameters were studied at harvest. The 
significant data is briefly described below. 
4.6.3.1 Bioiogical yield per plant 
It is evident from the Table 63 that the treatments viz., 
WWNggPeo, WWN90P30, GWN90P60 and GWNnzPso proved at par in 
recording the maximum biological yield per plant. Thus, as in 
growth parameters, here also treatments WWNegPeo and WWN90P30 
proved optimum. Among wastewater irrigated plants, WWNegPeo 
and WWN90P30 shared the highest biological yield. The former 
recorded 13.19% and latter 11.34% increase over WWNegPao, 
which gave lowest value and was at par with WWN112P30 and 
WWNiiaPeo- Among ground water irrigated plants, GWN90P60 and 
GWN112P30 proved equally effective, whereas GWN68P30 proved 
least efficient and recorded 22.54% and 20.99% decreased values 
as compared to GWN90P60 and GWN112P30 respectively. Except for 
the treatment GWN68P30, which gave critically different value, rest 
of the treatments were related to each other in one or in other way. 
4.6.3.2 Number of capsules per plant 
It is evident from the Table 64 that maximum value for 
capsule number per plant was shared by treatments WWNegPeo, 
GWN90P60, WWN90P30 and GWN90P30 at 70 DAS. At 100 DAS, the 
above mentioned treatments were also equalled by GWNii2P3o-
However, at harvesting stage, WWNggPeo, GWNgoPeo, GWNi,2P30 
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and GWN112P60 proved equally effective in recording maximum 
capsules per plant. Thus, at 70 and 100 DAS, WWNegPeo, 
WWN90P30 and GWN90P30 proved optimum whereas at harvesting 
stage, WWNegPeo proved optimum. Among wastewater irrigated 
plants, WWNegPeo and WWN90P30 shared the maximum value at 70 
and 100 DAS but at harvesting stage WWNegPeo proved best. 
Among ground water irrigated plants, GWN90P30 proved optimum 
at 70 and 100 DAS, as it equalled higher treatments viz., 
GWN90P60 at 70 DAS and GWN90P60 and GWNnzPso at 100 DAS 
whereas at harvesting stage, GWN90P60, GWNn2P3o and 
GWN112P60 proved equally effective. The increase produced by 
GWN90P30 over GWN68P30 at 70 and 100 DAS was 35.71% and 
30.95% respectively. Whereas GWN90P60 increased the capsule 
number by 39.34% over GWNegPso at harvesting stage. Similarly, 
the treatment GWN112P30 recorded 36.06% increase over 
GWN68P30 at harvesting stage of sampling. There occurred a 
continuous increase in capsule number from 70 DAS upto 
harvesting stage. 
4.6.3.3 1,000 seed weight 
It is clear from the Table 64 that the treatment WWN68P60 
proved best as compared to other treatments whereas the lowest 
value was recorded in the treatment GWN68P30, which recorded 
15.71% lower 1,000 seed weight as compared to WWN68P60- The 
above treatment WWN68P60 also proved superior among 
wastewater irrigated plants and recorded an increase of 8.0% over 
WWN68P30, which was at par with treatments WWN90P60, 
WWN112P30 and WWNii2P6o- Among ground water irrigated plants, 
GWN90P60 and GWN112P30 proved equally effective. The former 
treatment increased the 1,000 seed weight by 12.85% over 
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GWN68P30 whereas latter one increased it by 12.71% over 
GWNegPao- As the treatments viz., GWNgoPeo, GWN112P30 and 
WWN90P30 proved equally effective indicating that use of 
wastewater over ground water for irrigation purpose can not only 
prove beneficial in augmenting the 1,000 seed weight but can also 
prove profitable. 
4.6.3.4 Seed yield per plant 
Table 63 indicates that wastewater together with lower 
fertilizer doses proved as much efficient, in increasing the seed 
yield per plant, as ground water with higher fertilizer doses. In 
this way, wastewater can prove economical because of saving of 
inorganic fertilizers as is confirmed by statistically equal values 
produced by WWNegPeo, WWN90P30, GWN90P60 and GWN112P30. 
Thus, as in biological yield, here also WWN90P30 and WWN68P60 
proved optimum in terms of fertilizer economy. The lowest value 
was recorded in the treatment GWNegPao and was at par with 
GWNegPeo- The increase in seed yield produced by WWN68P60 and 
WWN90P30 over GWNegPso was 46.44% and 42.18% respectively. 
Among wastewater treatments WWN68P30 recorded lowest seed 
yield and was at par with WWN112P60 and WWNn2P3o- It recorded 
27.16% and 23.45% lower seed yield as compared to WWNegPeo 
and WWN90P30 respectively. Among ground water irrigated plants, 
GWN90P60 and GWN112P30 proved optimum as these treatments 
along with next higher treatment GWN112P60 recorded the highest 
seed yield. These optimum treatments viz., GWN90P60 and 
GWN,i2P3o enhanced the seed yield by 42.18% and 37.75% 
respectively over GWN68P30. 
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Figure - 25. Seed yield (g/plant) and oil yield (g/plant) of linseed grown 
with levels of nitrogen and phosphorus (Expt VI) 
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4.6.3.5 Oil yield 
It is evident from the Table 65 that wastewater together with 
lower fertilizer doses proved more efficient in enhancing oil yield 
significantly over both ground water and wastewater together with 
higher fertilizer doses. The treatment WWNegPeo proved best and 
increased the oil yield by 50.54% over GWNegPao, which gave the 
lowest value. Among wastewater treatments WWNegPeo proved 
best, other treatments WWN90P30, WWN90P60, WWN112P30 and 
WWN112P60 proved inferior to it (WWNegPeo) and it increased the 
oil yield by 33.22% over WWNegPao- As the treatment WWNagPso 
was at par with WWNn2P6o indicating the deleterious effect of 
wastewater together with higher fertilizer on oil yield. Among 
ground water treatments oil yield increased upto GWN90P60 and 
the treatments GWNn2P3o and GWN112P60 proved detrimental. 
GWN90P60 increased it by 42.28% over GWNggPso. The treatment 
effect was much distinct here as compared to other yield 
parameters as most of the treatments gave critically different 
values. 
4.6.3.6 Harvest index 
In terms of fertilizer economy, WWN90P30 and WWNegPeo 
proved optimum as both these treatments along with GWN90P60 
shared the maximum value (Table 63). The treatment WWN90P30 
increased the harvest index by 15.18% over GWN6gP3o, which 
proved least effective whereas WWNegPeo recorded 16.70% 
increase in harvest index over GWNegPso- Among wastewater 
treatments WWNegPso proved least effective and recorded 10.87% 
and 12.34% lower values as compared to WWN90P30 and 
WWNagPeo respectively. Similarly, among ground water 
treatments, GWN90P60 proved best and increased it by 16.03% over 
GWN68P30. 
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4.6.4 Quality parameters 
The different fertilizer doses together with two irrigation 
waters gave significant data and is described briefly below. 
4.6.4.1 Oil content 
GWNegPeo and WWNegPeo proved equally effective in 
recording the maximum oil content (Table 65). Thus, fertilizer 
dose NegPeo proved optimum for oil content irrespective of type of 
irrigation water. The lowest value was recorded in GWN112P60, 
which also equalled WWN112P30 and WWN112P60 statistically, 
indicating the harmful effect of higher fertilizer doses on oil 
content. The treatment GWN112P60 recorded 14.76% and 13.15% 
lower values as compared to GWN68P60 and WWNegPeo 
respectively. Among wastewater irrigated plants, WWN112P60 
proved least efficient and was equalled by WWNii2P3o- The 
increase in oil content produced by WWNegPeo over WWN112P60 
was 12.17%. The treatment effect was not much distinct as most of 
the treatments were related to one another in one or in other way. 
4.6.4.2 Iodine value 
Contrary to other parameters, iodine value was significantly 
enhanced more by ground water as compared to wastewater (Table 
65). The treatment GWNegPeo proved superior, produced the 
highest iodine value and recorded an increase of 5.43% over 
WWN112P30, which gave the lowest value and was at par with 
WWN112P60 and WWN90P30. Among ground water irrigated plants, 
GWNegPeo proved best and increased the iodine value by 4 .01% 
over GWN112P60 Among wastewater irrigated plants, WWN68P30, 
equalled the highest value recorded in WWNegPeo, thus, proved 
optimum and increased the iodine value by 2.82% over 
WWNn2P3o. 
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CHAPTER-5 
DISCUSSION 
Land application of wastewater, while making it possible to 
recycle and reuse its valuable constituents for productive purposes 
in agriculture, provides an effective natural method. This approach 
takes care not only of providing a low cost and environmentally 
compatible solution to pollution problem but also of augmenting 
the scarce manurial and irrigational resources of our marginal 
farmers. This view point is clearly brought out by the following 
discussion based on growth, yield, leaf NPK contents, 
physiological and seed quality of the two oilseeds selected for the 
study. 
5.1 Growth characterist ics 
Growth is an irreversible permanent change in the volume or 
size of a living entity and is generally accompanied by a change in 
the dry weight. 
Except for specific leaf area, wastewater proved superior to 
ground water (Experiments I-VI) for growth parameters. Its 
application resulted in higher leaf number (Tables 9, 19, 28, 38, 
47, 57), leaf area (Tables 11, 21, 30, 40, 49, 59), specific leaf 
weight (Tables 12, 22, 31, 41, 50, 60), total leaf dry weight 
(Tables 12, 22, 31, 41, 50, 60), plant fresh weight (Tables 10, 20, 
29, 39, 48, 58) and dry weight (Tables 10, 20, 29, 39, 48, 58) as 
also flower bud and flower number (Tables 13, 23, 32, 42, 51, 61). 
This beneficial effect on vegetative growth of the two crops 
may be traced to the presence of some essential macro-nutrients 
like N, P, S, Ca, K, Mg as also some micro-nutrients (Table 8) in 
the wastewater. The roots thus, have more chances to explore the 
soil for nutrients and water. This may have resulted in increased 
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differentiation, growth and development in the treated plants, 
noted in terms of enhanced growth parameters (Aziz et al., 1996b). 
The role of these essential nutrients is well documented. For 
example, nitrogen is involved in cell division and expansion 
(Gardner et al., 1985; Devlin and Witham, 1986), phosphorus in 
energy transfer compounds, nucleic acids, cell membranes and 
phosphoproteins (Hewitt, 1963; Devlin and Witham, 1986) and 
potassium in photosynthesis by directly increasing growth and leaf 
area and as a co-factor for many enzymes (Gardner et al., 1985; 
Mengel and Kirkby, 1996). Calcium is essential for cell division 
and elongation and for selective regulatory functions of cell 
membranes while magnesium is the centre of the chlorophyll 
molecule and is also essential for various enzymatic reactions 
(Gardner et al., 1985). 
Beneficial effect of wastewater has also been reported by 
other workers namely by Rajannan and Oblisami (1979), Reddy et 
al. (1981), Singh et al. (1985), Singh and Mishra (1987), 
Srivastava and Sahai (1987), Veer and Lata (1987), Misra and 
Behera (1991), Aziz et al. (1999), Hayat et al. (2000). 
Application of fertilizers proved beneficial for vegetative 
growth (Experiment 1-Vl). The growth of a plant organ results 
from orderly cell division, expansion and differentiation. These 
processes are dependent on proper supply of nutrients (Marschner, 
1986) that influence plant growth and development directly by 
producing important macromolecules and indirectly by their effect 
on the supply of assimilates. The beneficial effect of soil applied 
nitrogen and phosphorus on mustard is also in conformity with the 
results of a large number of workers including Maini et al. (1963), 
Majumdar and Sandhu (1963), Allen and Morgan (1972), Naqvi et 
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al. (1977), Mudholkar and Ahlawat (1979), Singh et al. (1982) 
Parvaiz et al. (1983), Tomer et al. (1996), Brar et al. (1998) and 
in case of linseed with those Mahajan et al. (1986), Raghuwanshi 
et al. (1987), Jain et al. (1989), Khurana et al. (1989), Thakur and 
Srivastava (1989), Reddaih et al. (1993), Dixit et al. (1994), Singh 
et al. (1994) and Sharma and Hunsigi (1997). 
Highlighting some of the treatments in Experiment I 
(mustard), the treatment WWNgoPso (P30 was given uniformly) 
except for specific leaf area proved optimum for growth while in 
Experiment 111 (mustard), WWNgoPeo proved optimum. Application 
of the above mentioned fertilizer doses at sowing together with 
supplementation of additional nutrients through wastewater 
promoted the growth of plants significantly. The enhanced growth 
in these experiments as a result of nutrient application may be due 
to the cumulative effect of nutrients present in wastewater as well 
as added dose of inorganic fertilizers as may be observed in 
increased photosynthetic rate (Tables 14, 33, 52), which also 
exhibited a linear relationship to fertilizer application. It may be 
mentioned that mineral nutrient requirement during the vegetative 
growth period is primarily determined by the rate of CO2 
assimilation. If the rate of photosynthate production is high, the 
amount of inorganic nutrients must also be correspondingly at 
sufficiency level in order to convert the photosynthates into 
numerous metabolites needed for vegetative growth (Mengel and 
Kirkby, 1996). 
In Experiment V (mustard) WWN112P60, WWN90P60 and 
WWN112P30 proved equally effective, most of the parameters 
recording maximum values. Thus, in terms of fertilizer economy 
WWN90P60 and WWN112P30 may be treated as optimum treatments 
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while WWN112P60 may be accounted for luxury consumption, 
which is counter productive economically. 
In Experiment II (linseed), WWN90P30 (P30 was applied 
uniformly) proved optimum in enhancing almost all the growth 
parameters significantly. Vegetative growth consists mainly of 
growth and formation of new leaves, stems and roots. As 
meristematic tissues have a very active protein metabolism, 
photosynthates transported to these sites are used predominantly in 
the synthesis of nucleic acids and proteins. It is for this reason 
that during the vegetative stage, the nitrogen nutrition of the 
plants to a large extent controls the growth rate of the plant. A 
high rate of growth only occurs when sufficient nitrogen together 
with other essential nutrients is available (Mengel and Kirkby, 
1996). 
In Experiment IV (linseed), WWNegPeo proved best 
indicating a lower requirement of nitrogenous fertilizer in 
contrast to that of mustard (WWNgoPeo), which may be attributed 
to the differences in their genetic make up, and also the pattern of 
their growth as different crops. Also, growth parameters responded 
linearly to increasing fertilizer application when applied with 
ground water. On the other hand, higher fertilizer doses proved 
detrimental for various vegetative parameters when applied with 
wastewater. This implies that the lower fertilizer dose was 
compensated by the nutrients present in wastewater. 
The deleterious effect of wastewater when applied with 
higher fertilizer doses may be due to the nutrients crossing their 
critical limits. It may also be pointed out here that increasing the 
level of N nutrition may lead to an excess of soluble amino acids, 
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which can not be used for growth processes because of a relative 
shortage of other plant nutrients (Mengel and Kirkby, 1996). 
In Experiments I-IV, specific leaf area was maximum in 
ground water (control) and in Experiments V and VI, it was 
maximum in the lowest fertilizer dose given with ground water i.e. 
N68P30 and in all experiments, in general, it showed a negative 
trend towards fertilizer application. This enhanced specific leaf 
area in plants irrigated with ground water and receiving lower 
fertilizer doses was because of lower leaf area in these treatments, 
which resulted in lesser dry mass accumulation. Since the leaf area 
was less, the incidence of solar radiation on these surfaces was 
also less resulting in thin leaves. In treatments where fertilizer 
was applied, the increase in dry mass compensated the increase in 
leaf area resulting in thicker leaves. This is supported by the data 
on total leaf dry weight and specific leaf weight (Tables 12, 
22, 31, 41, 50, 60). 
In all experimerlfs, leaf number per plant, leaf area per plant 
and total leaf dry weight per plant increased upto 70 DAS and 
thereafter the values declined. The decline in these parameters 
after their gradual increase in the initial stage may be due to 
senescence of older leaves. The concentration of the labile 
nutrients in young leaves is normally maintained through their 
transport from the older leaves and can lead to early senescence 
(Greenway and (junn, 1966). However, transfer of mineral 
nutrients from older to young leaves is not the only cause of leaf 
senescence. Being a part of the process of plant development, it is 
under genetic control (Thomas and Stoddard, 1980). As is well 
known, the development of sink (seeds) is a death message to 
208 
older leaves as most of the mobile nutrients get translocated 
towards the developing organs (Bidwell, 1979). 
In most cases, specific leaf weight, which represents 
allocation of dry weight in leaves, increased only upto 70 DAS in 
the present study and declined thereafter. This may be because of 
the increased assimilatory capacity of leaves at this stage of 
growth resulting in enhanced dry matter accumulation. However, 
after 70 DAS, ageing of leaves may cause a decline in assimilatory 
capacity of leaves, thus decreasing the specific leaf weight. 
In general, specific leaf weight also showed a positive 
response to nitrogen fertilization in both ground water and 
wastewater irrigated plants. This may be due to > increase in 
leaf area with increased nitrogen fertilization, thereby enhancing 
the chances of trapping higher amount of solar energy. This would 
result in enhanced production of photosynthates and their 
subsequent accumulation in the form of dry matter (Tables 12, 22, 
31, 41, 50, 60). 
In almost all experiments, plant height, plant fresh weight 
and plant dry weight increased upto the last stage of sampling (100 
DAS), which is a common phenomenon in many plants. In all the 
six experiments, flower number decreased significantly from 70 to 
100 DAS. In mustard, the decline was more pronounced in no 
fertilizer control treatments receiving ground water as well as 
wastewater. This decline with age of plants may be due to the 
phenomenon of "flower fall" and in the no fertilizer control 
treatments, it may have been aggravated due to the non-
availability of essential nutrients. Similar was the case with flower 
buds. 
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5.2 NPK contents 
In general, leaf nitrogen, phosphorus and potassium contents 
increased as a result of wastewater irrigation. Similar increase in 
nutrient contents with the application of wastewater was also 
observed by Reynolds et al. (1978), Sutton et al. (1978), Stomberg 
et al. (1984), Hemphill et al. (1985), Neilsen et al. (1991), 
Jonathan and Wagner (1999). Effect of wastewater in enhancing 
the leaf nutrient concentration may be due to the development of 
large canopies expressed as leaf area, which puts an extensive 
demand on the roots to extract more available nutrients. 
Expectedly nitrogen content in leaves increased with the 
increase of nitrogen doses when observed under wastewater or 
ground water application independently. This increase is in 
accordance with the findings of Corntortill and Steele (1981), 
Amoruwa et al. (1987) and Kullman et al. (1989). 
In general, treatments having Ngo (Experiment III) and N90 
(Experiment IV) with higher dose of phosphorus (Peo) recorded 
more nitrogen content when compared with treatments having P30. 
This may be due to synergistic effect between applied nitrogen and 
phosphorus, as both are known to accelerate root proliferation 
(Grunes and Krantz, 1958) thus facilitating the uptake of nutrients 
and water. 
Leaf phosphorus content also increased with increasing 
nitrogen doses in' both ground water and wastewater irrigated 
plants (Experiment I). In Experiment III, WWNgoPeo proved best 
while in Experiment V, WWN112P60 proved superior in enhancing 
the leaf phosphorus content. In Experiment II also phosphorus 
content exhibited a positive trend towards increasing nitrogen 
doses in both ground water and wastewater irrigated plants. 
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Similarly, in Experiment IV, WWN90P60 proved best. Leaf 
phosphorus content increased with increasing nitrogen doses either 
due to interaction between nitiogen and phosphorus as repoited by 
Coldwel (1960) or enhanced uptake due to increased root growth 
as mentioned by De and Singh (1959). Grunes and Krantz (1958), 
noted that, within limits, nitrogen supply increases the 
proliferation of roots Whereas, Giunes el al (1958) attributed 
increased absorption to an effect of nitrogen on physiological 
processes that control the absoiption of phosphorus Phosphoiiis 
content was higher in treatments having Pf.o as compaied to P^ o 
due to positive effect of phosphorus (Chahal e/ al , 1983) This 
observation is also in agieement with that of Roy and Wiight 
(1974) who observed enhanced phosphoius uptake with incieasing 
levels of applied phosphoius 
In Experiments 1-lV, leaf potassium content also incieased 
with increasing nitrogen doses in both inigation wateis This is in 
line with other reports on various crop plants, including those of 
Krantz and Chandler (1951), Prince (1954) and Grunes and Krantz 
(1958) The synergistic effect of nitrogen application on 
phosphorus and potassium uptake was also reported at Aligaih by 
Inam et al. (1982) and SamiuUah el al (1991) Potassium 
concentration in general, was enhanced as a lesult of phosphoius 
fertilization m the present study However, this concentiation was 
legulated by the supply of nitrogen It is noteworthy that 
Lundegardh (1951) and Dev (1965) among others have lepoited an 
increase in leaf potassium concentration due to phosphate 
manuring. 
In all the experiments, among the three nutiient elements, 
nitrogen was maximum followed by potassium and phosphorus 
The higher concentiation of nitrogen compared with that of 
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potassium and phosphorus is in conformity with the results of 
studies conducted at Aligarh by Shah (1995). The concentration of 
the three nutrients decreased with the age of the plants. It is a 
general observation that nutrients attain their highest 
concentration in plants during early stages of growth and exhibit a 
linear decline towards maturity. This decrease in NPK contents 
may be due to the exponential increase in growth (weight and 
volume) of plants. As a result of this "dilution with growth 
effect", even high quantities of nutrients appear to be less when 
expressed on per unit basis (Moorby and Besford, 1983; 
Anonymous, 1984). Besides, translocation of nutrients to the sinks 
(seeds) during their formation and subsequent development of 
fruits could also deplete leaf nutrient content at later stages of 
growth. Similar depletion in leaf NPK content as the plants 
matured has been reported in several crops grown at Aligarh 
(Samiullah, 1971; Inam et al., 1982; Samiullah et al., 1984; 
Akhtar, 1985; Akhtar et al., 1987; Khan, 1988). 
5.3 Physiological parameters 
Photosynthesis in plants is a result of interaction among 
different factors like CO2 concentrations, ambient temperature, 
photon flux density, chlorophyll content, water and nutrient 
availability. 
In the present study, the plants grown under wastewater 
recorded higher photosynthetic rate compared to plants grown 
under ground water. This may again be due to the presence of 
additional quantities of essential nutrients specially N, Mg and K 
in the former. While nitrogen and potassium are essential for 
photosynthesis through their direct involvement in increasing 
growth and leaf area (Gardner et al., 1985), magnesium is the 
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centre of the chlorophyll molecule and is also essential for various 
enzymatic reactions (Gardner et al., 1985). Reduced nutrient 
levels affect photosynthesis primarily by influencing the 
photosynthetic apparatus. For example, chlorophyll contains both 
nitrogen and magnesium and if they are limited in supply, 
chlorophyll may not form (Gardner et al., 1985). The enhanced 
photosynthesis due to wastewater could also be attributed to 
increased content of chlorophyll in leaves and enhanced leaf area 
(Table 11, 30, 49) in wastewater irrigated plants, which enabled 
them to trap more solar radiation. 
In mustard (Experiment 1), WWNgoPso proved best in 
recording maximum photosynthetic rate and photosynthetic water 
use efficiency. In Experiment III, WWNgoPeo and WWNgoPso 
equally proved best for photosynthetic rate, stomatal conductance 
and photosynthetic water use efficiency at all the three stages of 
growth except for photosynthetic rate at 50 DAS, where 
WWNgoPeo proved superior. Similarly, in Experiment V, 
WWN112P60 and WWN112P30 shared the maximum value for all 
three parameters at all the three stages of growth except at 70 DAS 
for photosynthetic water use efficiency, with WWNnaPeo proving 
superior. In all these three experiments, in general, photosynthetic 
rate increased with increase in nitrogen doses and more or 
less a similar trend was observed with regard to stomatal 
conductance and photosynthetic water use efficiency also. The 
ameliorating effect of applied nitrogen on photosynthetic rate in 
the present study could be expected as chlorophyll, enzymes, and 
co-enzymes being themselves nitrogenous in nature, not only 
depend upon this essential nutrient element for their production 
(Marschner, 1986) but also show a linear relationship to increasing 
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quantities of added nitrogen within limits (Salisbury and Ross, 
1992). 
This enhancement in photosynthetic rate, stomatal 
conductance and photosynthetic water use efficiency as a result of 
nitrogen application could also be due to higher capacity of 
Brassica crops to respond to sufficient supply of nitrogen. 
Photosynthetic rate increased upto 100 DAS itispite of 
decline in leaf area. At 100 DAS, although a decrease in leaf area 
was noted due to fall of mature and unproductive leaves, the 
observed increase in photosynthetic rate could result from an 
increase in the photosynthetic capacity of the remaining leaves 
which did not supply photosynthates to the dying and unproductive 
leaves and the cost of maintaining these leaves was thus reduced. 
This view also finds support from the data on photosynthetic water 
use efficiency, which also increased upto 100 DAS. In one of the 
reports of Vanden Boogard et al. (1995), photosynthetic water use 
efficiency was assigned a measure of rubisco activity. Increase in 
photosynthetic water use efficiency leads to higher rubisco 
activity, increased photosynthetic rate and dry matter production. 
As already reported, dry weight of plants increased continuously 
upto 100 DAS (Tables 10, 29, 48). Das et al. (1999) and Lone 
(2001) have also reported that increase in photosynthetic water use 
efficiency leads to increase in photosynthetic rate in mango and 
mustard respectively. 
5.4 Yield characterist ics 
Yield is the final manifestation of morphological, 
physiological and biochemical traits of a crop, which are 
dependent upon various environmental factors, including water 
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and nutrients. In the present study, higher values for seed and oil 
yields were recorded in most treatments receiving wastewater. 
As discussed earlier, wastewater proved superior for growth, 
this, in turn, resulted in healthy development of reproductive parts 
and finally higher seed and oil yield through better utilization of 
inputs. This is revealed by positive correlation of growth and yield 
parameters with seed yield (Tables 66-71 Figs. 2-19). Improved 
photosynthetic activity and favourable partitioning of 
photosynthates would also have contributed to higher yields of 
seed and oil (Figs. 20-25). These findings are in agreement with 
some of the earlier reports (Day et al., 1975; Veer and Lata, 1987; 
Aziz, 1991; Inam et al., 1993; Samiullah et al., 1994 and Shah, 
1995). 
Application of WWNgoPso (Experiment I) significantly 
enhanced all the yield attributes resulting in higher seed and oil 
yield (Fig. 2-4, Table 16). This treatment was also recorded to 
enhance plant height (Table 9), leaf area (Table 11), and 
photosynthetic activity (Table 14), thereby trapping more solar 
radiation and producing more dry matter. This ultimately increased 
the production of pods (Table 17), seed (Table 17) and oil (Table 
16). The above treatment i.e. WWNgoPao, which proved superior 
for most of the growth and yield attributes was however, at par 
with WWN60P30 in 1,000 seed weight. This may be due to 
production of more pods (Table 17) as well as more seeds per pod 
(Table 17) by WWNgoPso, which resulted in the distribution of 
photosynthates among more sinks (seeds) - a dilution effect 
phenomenon - thus, lowering the 1,000 seed weight in WWNgoPao-
In Experiment III, WWNgoPeo proved best recording highest 
seed, oil and biological yield. The maximum oil yield produced by 
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it may be due to increased seed yield. The increase in biological 
yield was due to increased production of leaves and other related 
parameters which also affected the photosynthetic rate positively 
resulting finally in higher biological yield (Table 35). The 
improvement in seed and oil yield of mustard by application of N 
and P alone or in combination has also been reported by several 
workers, including Parvaiz et al. (1983), Mohammad et al. (1985), 
Arthamwar et al. (1996) and Kumar et al. (1996). 
With regard to phosphorus dose (Experiment III), Peo proved 
more effective as compared to P30 with both nitrogen doses, i.e. 
N40 and Ngo, under both irrigation waters. The per cent increase in 
seed yield produced by WWNgoPeo over GWNgoPeo was 28.97. Also 
treatment WWNgoPso proved superior to GWNgoPeo, indicating the 
beneficial effect of wastewater and resulting in a saving of 30 kg 
phosphatic fertilizer. 
In Experiment V, WWNgoPeo, WWN112P30 and WWNinPeo 
proved equally effective in giving maximum biological, oil and 
seed yield. Thus, maximum yield can be obtained by applying 
higher dose of nitrogen (N112) with lower dose of phosphorus (P30) 
or by applying lower dose of nitrogen (N90) with higher dose of 
phosphorus (Peo) while treatment WWN112P60 accounted for luxury 
consumption. Therefore, WWN112P30 and WWN90P60 may be 
recommended for obtaining higher seed and oil yield in mustard. 
These data strengthen the findings of Experiment 111, where 
an almost identical dose (WWNgoPeo) proved best for seed and oil 
yield. Results of this experiment also confirm that Peo is more 
suited than P30 while P30 can be applied if nitrogen dose is 
increased from N90 to Nn2. 
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In linseed (Experiment II), application of WWN90P30 (P30 
being given uniformly) proved best and recorded highest value for 
all the yield attributing parameters, which ultimately resulted in 
enhanced seed and oil yield. The reason for such enhanced seed 
and oil yield have already been discussed earlier while considering 
the data of Experiment 1. Interestingly, WWN45P30, GWNegPso and 
GWN90P30 proved at par for seed production, thus, showing saving 
of nitrogenous fertilizer if wastewater was used for irrigation. 
Therefore, it may be concluded that the irrigation with wastewater 
can prove beneficial as well as economical. 
In Experiment IV, WWNegPeo proved best for almost all 
yield parameters. This is due to the fact that most of the growth 
parameters, including leaf area were maximally enhanced by this 
treatment. The enhanced leaf area helped the leaves to harvest 
more radiant energy and produce more photosynthates. This is 
clearly borne out by the production of higher dry weight in this 
treatment i.e. WWNegPeo (Table 39). This enhanced dry matter 
production due to wastewater irrigation particularly during 
flowering and fruiting would be expected to lead to higher yields 
depending upon the efficiency of the cultivars for proper 
partitioning of photosynthates into reproductive and vegetative 
parts and retaining them till harvest in their seeds. The treatment 
WWNegPeo significantly enhanced capsules per plant (Table 45), 
seeds per capsule (Table 45) and 1,000 seed weight (Table 45). 
Thus, the positive response of the yield attributing parameters 
would be expected to exhibit their cumulative effect in the form of 
enhanced seed yield (Table 69a, b, c; Figg. 11, 12, 13). The 
increase in seed yield per plant produced by VVWNegPeo over 
GWN90P60 was 6.25%. Thus, it may be pointed out that higher seed 
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yield can be obtained with Neg when applied with wastewater 
indicating the suitability of wastewater for the purpose of 
irrigation as it was responsible for the saving of about 22 kg/ha of 
nitrogenous fertilizer. 
In Experiment VI, the treatments WWNegPeo, WWN90P30, 
GWN90P60 and GWN112P30 gave similar effect on biological yield 
and seed yield. For oil yield, WWNegPeo proved best. Thus, for 
best seed yield and biological yield, if phosphorus dose is kept 
low (30 kg/ha), a high nitrogen dose (90 kg/ha) would be required, 
confirming the findings of Experiment II. On the other hand, if 
phosphorus is 60 kg/ha, then 68 kg N/ha should be given, 
confirming the findings of Experiment IV. As such, either NegPeo 
or N90P30 with wastewater may be recommended for achieving 
maximum seed, oil and biological yield per plant in linseed. 
Harvest index in general was also significantly enhanced by 
wastewater irrigation as compared to ground water irrigation, 
confirming the reports of Aziz et al. (1999) and others. It also 
exhibited a linear relationship with increasing nitrogen doses 
(Experiments I & II) and with nitrogen and phosphorus doses 
(Experiment III). Also, it was maximum in those treatments which 
enhanced most of the yield characteristics maximally (Experiments 
I-VI). Obviously, nitrogen and phosphorus application led to 
enhanced vegetative growth throughout the life of treated plants in 
the present study as in plants in general (Marschner, 1986). After 
fruit set, the efficient translocation of photoassimilates towards 
sinks (seeds) continued in them unabated, resulting in enhanced 
harvest index. 
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5.5 Quality character is t ics 
For assessing seed quality, oil content and for assessing oil 
quality, iodine, acid and saponification values were studied in 
mustard (Experiments I, III, V) whereas only oil content and 
iodine value were studied in linseed (Experiments II, IV, VI). It 
may be added that in mustard oil, low acid value denotes good 
keeping quality and low iodine value denotes easy hydrogenation 
while higher saponification value is supposed to be good for 
digestibility. In linseed oil, high iodine value is considered good 
as far as varnish industry is concerned. 
Application of wastewater in all six experiments resulted in 
higher oil content in most cases (Tables 18, 27, 37, 46, 56, 65). 
This finding corroborates the findings of Aziz et al. (1999) while 
working on mustard and refinery wastewater. Improvement in oil 
content resulting from wastewater irrigation could be attributed to 
the increased availability of nutrients present in the wastewater as 
well as improved partitioning of photosynthates at the site of oil 
synthesis in treated plants. 
WWN60P30 (P30 being given uniformly) recorded the 
maximum oil content. The fertilizer dose NgoPso (P30 being given 
uniformly) irrespective of irrigation water proved deleterious as 
compared to NeoPso (Experiment I). WWNegPeo and WWN68P30 
were at par for (maximum) oil content (Experiment V). Thus, 
irrespective of the type of irrigation water, higher levels of 
nitrogen proved detrimental for oil content in mustard. Similar 
was the case with linseed, where WWN68P60 recorded highest oil 
content (Experiment IV). While in Experiment VI, GWNggPeo and 
WWNegPeo, being at par, recorded maximum oil content, 
confirming the findings of Experiment IV. Decrease in oil content 
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due to excess of nitrogen fertilization has also been reported by 
other workers, including Gendy and Marquard (1989), Khan et al. 
(1990), Pinkerton (1991), Asare and Scarisbrick (1995), Khan 
(1996), Kumar et al. (1996), Trivedi and Sharma (1997), Joshi et 
al. (1998) and Satyavan et al. (1999) in mustard and by Rafey et 
al. (1988), Patidar and Lai (1992), Reddaih et al. (1993), 
Vashishtha (1993) and Sarode et al. (1997) in linseed. 
The apparent explanation for the adverse effect of nitrogen 
may be the preferential utilization of carbon skeletons at the time 
of seed filling, towards protein synthesis rather than oil formation 
(Mazur et al., 1977; Kalra and Tripathi, 1980; Chourasia et al., 
1992 on rape, sunflower, and linseed respectively). However, the 
positive effect of applied nitrogen on seed yield (Experiment 1, 11 
and III) was so spectacular that it outbalanced the lower oil 
content value of seeds in providing considerably enhanced oil 
yield per plant (Table 16, 27, 35) an obvious commercial 
advantage. 
In treatments having similar nitrogen dose, this deleterious 
effect of higher nitrogen doses on oil content was generally more 
in treatments having 30 kg P/ha as compared to those having 60 kg 
P/ha (Experiment 111 and IV). Such beneficial effect of phosphorus 
application on oil content have been reported by a number of 
workers, including Yadav et al. (1990), Chaubey et al. (1992), 
Sarode et al. (1997) in linseed and by Khan (1988) in mustard. It 
may be due to the important function of phosphorus in plants as it 
is the constituent of several co-enzymes including nicotinamide 
adenine dinucleotide and nicotinamide adenine dinucleotide 
phosphate, which play an important role in fatty acid synthesis and 
other allied processes (Devlin and Witham, 1986). 
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In mustard (Experiment I, III and V), for oil quality 
parameters, viz., acid and iodine values, wastewater in general 
proved beneficial as compared to ground water as it recorded 
lower acid and iodine value, which is usually considered good for 
mustard oil. Similarly, higher nitrogen level of each experiment in 
general on this crop also recorded lower acid and iodine values as 
compared to lower nitrogen levels. Similar decrease in iodine 
value as a result of N fertilization has been reported by 
Mohammad et al. (1985) and in acid value and iodine value by 
Khan (1988). However, wastewater irrigation resulted in a slight 
decrease in saponification value in mustard and recorded 
comparatively lower iodine value in linseed compared with ground 
water. Similarly, highest nitrogen level (Ngo) gave comparatively 
lower saponification value in mustard (Experiment I) and iodine 
value in linseed (Experiment II) comparedto Neo- In Experiment 
III, treatments having similar phosphorus dose but with different 
nitrogen doses, saponification value was more in lower nitrogen 
dose (N40) as compared to higher dose (Ngo). In Experiments IV 
and VI, increase in nitrogen fertilization lead to decreased iodine 
values. Similar decrease in saponification value in mustard as a 
result of higher N fertilization has been reported by Mohammad et 
al. (1985) and in iodine value in linseed (Anonymous, 1951; 
Dybing, 1964; Singh and Singh, 1978). The decrease in 
saponification value as a result of nitrogen fertilization may be 
due to increased carbon skeleton formation and the process of 
chain elongation from oleic (CI8:1) to erucic acid (C22:l) thereby 
decreasing the percentage of the former (Dasgupta and Ghosh, 
1977), an obvious reason for low saponification value. In 
treatments having similar nitrogen dose (Experiment III), the 
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saponification value was higher in treatments having ?6o than P30. 
This positive effect of phosphorus may be due to formation of 
shorter chain fatty acids, resulting in higher saponification value. 
The low saponification value in mustard and iodine value in 
linseed in the wastewater irrigated plants may be due to the 
cumulative effect of additional amount of mineral nutrients, 
particularly nitrogen and phosphorus. 
5.6 Proposals for future work 
The experiments discussed above have no doubt helped in 
clarifying some of the problems pertaining to the use of thermal 
power plant wastewater for irrigation and evolving a suitable 
fertilizer regime for obtaining higher yields in mustard and 
linseed. However, it may be admitted that the study was 
handicapped by several factors, important being the limited 
laboratory facilities and limitations of pot experiments. Now it is 
proposed to extend the present study in future on the following 
lines. 
1. Heavy metals should be analysed in wastewater, soil and 
plant tissues including seeds. 
2. Microbiological analyses of the wastewater may be 
undertaken. 
3. Some of the important fatty acids like linolenic and linoleic 
acids may be analysed in seeds. 
4. Fibre study in linseed may be undertaken. 
5. The experiments may be repeated in the farmers' fields 
adjacent to the leachate reservoir of the thermal power plant. 
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SUMMARY 
CHAPTER-6 
SUMMARY 
The importance of the problem "Studies on the Effect of 
Wastewater on Physiomorphological Response of Mustard and 
Linseed" has been explained and justification put forward for 
undertaking the present study, emphasising the significance of 
wastewater, plant nutrition and oil crops (Chapter 1). 
The available literature pertaining to wastewater and its 
quality, use in irrigation, effect on soil and plants with particular 
reference to growth, yield, quality and physiological parameters 
and fertiliser requirement of mustard and linseed, has been 
reviewed (Chapter 2). 
The details of the materials and methods employed for the 
six pot experiments have been given with relevant soil and water 
analyses data (Chapter 3). 
Judged according to analysis of variance, on the basis of the 
design of each experiment, the data were generally found to be 
significant at P>0.05. These are summarised in Tables 9-65 and 
Figs. 20-25 (Chapter 4) and are briefly described below. 
Experiments I and II were conducted during the rabi season 
of 1998-1999 to study the comparative effect of thermal power 
plant-discharged wastewater and ground water on growth, 
physiological parameters (mustard), leaf NPK contents, yield and 
quality of mustard and linseed, both grown under four levels of 
nitrogen viz.. No, N40, Neo and Ngo for mustard and No, N45, Ngg 
and N90 for linseed along with a uniform basal dose of phosphorus 
and potassium applied (30kg/ha each) at the time of sowing. 
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Wastewater proved beneficial as almost all growth 
parameters (except specific leaf area) responded to it positively in 
mustard as well as in linseed. A higher photosynthetic rate and 
enhanced photosynthetic water use efficiency was recorded in 
wastewater grown plants as compared to those grown with ground 
water in mustard. However, these parameters could not be studied 
in linseed due to its leaf structure. Higher leaf NPK contents were 
recorded in wastewater grown plants in both crops. Almost all 
yield attributing parameters, including seed yield, oil yield as well 
as oil content were significantly enhanced by wastewater. Contrary 
to growth and yield parameters, wastewater gave lower acid, 
iodine and saponification values. However, as mentioned in 
Chapter 5, lower acid and iodine value is supposed to be good for 
commercial purpose in mustard, a positive point for using 
wastewater for irrigation of mustard. 
The maximum nitrogen given with wastewater in 
Experiments I and II i.e. Ngo and N90 respectively, along with 
uniform basal dose of phosphorus and potassium (30kg/ha each) 
proved effective for most of the parameters of growth, seed and oil 
yield. However, these doses of nitrogen proved detrimental for oil 
content as compared to lower doses in both crops. 
Experiments III and IV were conducted during the rabi 
season of 1999-2000 on mustard and linseed respectively. Here 
again, the performance of the two crops was studied under 
wastewater and ground water irrigation. Both crops were grown 
with three levels each of nitrogen and phosphorus, the doses being 
No, N40, Ngo and Po, P30, Peo for mustard and No, N68, N90 and Po, 
P30, Peo for linseed. A uniform basal dose of potassium (30kg/ha) 
was applied to both crops. 
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As in Experiments I and II, wastewater was again found to 
be beneficial for the promotion of most of the growth and yield 
parameters, including seed and oil yield. Similarly, photosynthetic 
rate, photosynthetic water use efficiency, leaf NPK contents and 
oil content were also enhanced by its application. Wastewater 
irrigated-plants generally showed lower iodine, acid and 
saponification values, as in the earlier experiments. Thus, 
wastewater proved beneficial for acid and iodine values of mustard 
but was noted to be detrimental for saponification value in 
mustard and for iodine value in linseed (as discussed in Chapter 
5). 
In Experiment III, WWNgoPeo proved superior for most of 
the growth parameters. It also recorded highest seed and oil yield. 
However, it proved detrimental for oil content. In Experiment IV, 
for most of the growth and yield parameters, WWNegPeo proved 
best indicating a lower requirement of nitrogen for linseed in 
contrast to that of mustard. Oil content was also maximally 
enhanced by it (WWNegPeo)- It recorded 6.25% more seed yield 
over GWN90P60 thereby saving 22kg N/ha. 
Experiments V and VI were conducted during rabi season of 
2000-2001 to study the comparative effect of wastewater and 
ground water supplemented with three nitrogen (Neg, N90, N112) 
and two phosphorus doses (P30, Peo) along with a uniform basal 
dose of potassium (30kg/ha) on t>hysiomorphological 
characteristics of mustard and linseed respectively. 
In Experiment V, wastewater, in general, proved more 
efficacious as compared to ground water (except for specific leaf 
area) as it enhanced significantly most of the growth parameters. 
Its application resulted in maximum photosynthetic rate and 
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photosynthetic water use efficiency. Leaf NPK contents, seed 
yield, oil yield and oil content were also enhanced by the 
application of wastewater compared to that of ground water. In 
experiment VI, for most of the growth parameters, seed yield and 
harvest index, wastewater applied with lower fertilizer doses 
proved efficient as well as economical, giving statistically equal 
values at par with comparatively higher fertilizer doses given with 
ground water. Oil yield was also significantly enhanced by 
wastewater. However, specific leaf area was maximum in ground 
water irrigated plants. 
In experiment V, WWN112P30 and WWN90P60 proved good 
for most of the growth parameters, seed and oil yield. WWNegPeo 
and WWNegPao were at par for (maximum) oil content. In 
Experiment VI, treatments WWNegPeo, WWN90P30, GWN90P60 and 
GWN112P30 proved equally effective for seed yield whereas for oil 
yield, WWNegPeo proved best. Therefore, for linseed, either N90P30 
or NggPeo may be recommended using wastewater and N90P60 or 
N112P30, with ground water, for achieving matching seed yield, 
while for higher oil yield, WWNegPeo may be recommended. This 
also indicates the lower requirement of fertilizer in linseed 
compared to mustard. In Experiment VI, the fertilizer dose NegPeo 
irrespective of irrigation water recorded the maximum value for 
oil content. In Experiment V, the data for iodine and 
saponification values were non-significant and for iodine value in 
linseed (Experiment VI), ground water, in general, proved 
efficient. 
Photosynthetic rate and photosynthetic water use efficiency 
increased continuously with age (Experiments I, III and V). Leaf 
NPK contents were maximum at 50 DAS, and then decreased with 
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age. Expectedly, N was maximum, followed by K and P in both 
crops at all the stages in all experiments. 
Discussion includes consideration of the experimental results 
and their correlations (Tables 9-71) in light of research work of 
other scientists on wastewater in particular and NPK nutrition of 
mustard and linseed in general (Chapter 5). 
The present chapter, gives the gist of the entire study and is 
followed by bibliography, comprising of the references cited in the 
text. Bibliography is followed by an appendix giving details of the 
procedures applied for the preparation of various reagents used in 
the course of the experiments. 
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APPENDIX 
APPENDIX 
The reagents and chemicals used in various determinations 
were prepared according to the following methods: 
A. Reagents for soil analyses 
1. Cation exchange capacity (CEC) 
(i) Sodium hydroxide solution (O.IN) 
4gm of sodium hydroxide was dissolved in distilled water 
and the final volume was made upto l_,000ml with- double distilled 
water. 
2. Total organic carbon 
(i) Potassium dichromate (IN) 
49.04g of potassium dichromate was dissolved in distilled 
water and finally the volume was made upto l^ OOOml with double 
distilled water, 
(ii) Ferrous ammonium sulphate (0.5N) 
196g of hydrated ferrous ammonium sulphate was dissolved 
in double distilled water. To this 20ml of concentrated sulphuric 
acid was added and finally the volume was made upto 1,000ml. 
(iii) Diphenyl amine indicator 
0.5g diphenyl amine was dissolved in a mixture of 20ml of 
water and 100ml of concentrated sulphuric acid. 
3. Available phosphorus 
(i) Olsen's reagent 
42.Og of sodium bicarbonate was dissolved in double 
distilled water to give 1000ml of the solution. The pH was 
adjusted to 8.5 with the addition of small quantity of sodium 
hydroxide. 
11 
(ii) Dickman and Bray's reagent 
15g of ammonium molybdate was dissolved in 300ml of 
warm water (about 60°C). It was then cooled and filtered. To this, 
400ml of ION HCl was added and finally the volume was made 
upto lOOOml. 
(iii) Stannous chloride solution 
lOg of crystalline stannous chloride was dissolved in 25ml 
of concentrated HCl and stored in an amber coloured bottle. This 
was 40% stannous chloride solution. Just before use 0.5ml was 
diluted to 66ml with double distilled water, 
(iv) Sulphuric acid (7N) 
19.6ml concentrated sulphuric acid was added to double 
distilled water and the final volume was made upto 100ml 
4. Calcium 
(i) EDTA solution (O.OIN) 
2.0g of ethylene diamine tetra acetic acid was dissolved in 
double distilled water and final volume was made upto 1000ml. 
(ii) Mure-xide indicator 
0.2g ammonium purpurate was mixed with 40g of powdered 
potassium sulphate. 
5. Sulphate 
(i) Conditioning reagent 
50ml of glycerol was mixed in a solution containing 30ml 
concentrated HCl + 300ml DDW + 100ml of 95% ethyl alcohol and 
75g sodium chloride. 
6. Magnesium 
(i) EDTA solution (COIN) 
2.0g of ethylene diamine letra acetic acid was dissolved in 
double distilled water and final volume was made upto lOOOml. 
Ill 
(ii) Eriochrome Black-T indicator 
0.5g dye was mixed with lOOg 2, 2, 2 nitrilo triethanol. 
7. Potassium 
(i) Ammonium acetate solution (neutral and normal) 
Solution of 2N glacial acetic acid and 2N ammonium 
hydroxide were prepared and equal volumes of the two were mixed 
in a beaker. On cooling pH was adjusted to 7.0 with acetic acid. 
8. Nitrate nitrogen 
(1) Phenol disulphonic acid 
This was prepared by taking 25g of purified phenol 
(C6H5OH, crystal white) in a dry conical flask to which 150ml 
concentrated sulphuric acid (nitrate free) and 75ml fuming 
sulphuric acid (nitrate free) were added and kept on boiling water 
bath for 2h covered with watch glass. After cooling, it was stored 
in an amber coloured bottle. 
(ii) Liquor ammonia (1:1) 
Ammonia having 0.88 specific gravity was diluted with 
equal volume of water. 
9. Chloride 
(i) Potassium chromate indicator 
50g of potassium chromate was dissolved in double distilled 
water. To this silver nitrate solution was added until a red 
precipitate was formed. After over night stand, it was filtered and 
diluted to 1000ml with double distilled water, 
(ii) Standard silver nitrate titrant (0.0141N) 
2.395g silver nitrate was dissolved in double distilled water 
and it was diluted to 1000ml. 
10. Carbonates and bicarbonates 
(i) Phenolphthalein indicator 
0.25% solution was made in 60% ethyl alcohol. 
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(ii) O.OIN sulphuric acid 
0.272ml sulphuric acid was diluted in double distilled water 
and final volume was made uptolOOOml. 
(iii) Methyl red indicator 
0.5% solution was made in 95% alcohol. 
B. Reagents for water analyses 
1. Carbonate and bicarbonate 
(i) Phenolphthalein indicator 
0.25% solution was made in 60% ethyl alcohol. * 
(ii) Standard sulphuric acid (O.OIN) 
0.2 72ml sulphuric acid diluted with double distilled water and 
final volume was made upto 1000ml. 
(iii) Methyl red indicator 
0.5% solution was prepared in 95% alcohol. 
2. Biological oxygen demand (BOD) 
(i) Manganous sulphate solution 
40g of manganese sulphate was dissolved in double distilled 
water and volume was made upto 100ml. 
(ii) Alkali azide reagent 
A mixture of 50g of sodium hydroxide and 13.5g of sodium 
iodide was diluted to 100ml with double distilled water. Igm of 
sodium azide was dissolved in 4ml of double distilled water and 
added to the above solution. 
3. Chemical oxygen demand (COD) 
(i) Standard potassium dichromate solution (0.25N) 
12.259g potassium dichromate was dissolved in double 
distilled water and final volume was made upto 1000ml. 
(ii) S tandard ferrous ammonium sulphate solution (O.IN) 
39g ferrous ammonium sulphate was dissolved in double 
distilled water. 20ml of concentrated sulphuric acid was added and 
volume was made upto 1000ml. 
(ill) Ferroin indicator solution 
1.485g, of 1, 10, phenanthroline monohydrate, together with 
495mg FeS04 was dissolved in double distilled water and volume 
was made upto 100ml. 
4. Calcium 
(!) Ammonium purpura te 
150mg ammonium purpurate was dissolved in lOOg ethylene 
glycol. 
(ii) EDTA (O.OIM) 
3.723g EDTA dihydrate salt was dissolved in double 
distilled water and diluted to lOOOml. 
(iii) NaOH solution (IN) 
4gm of NaOH was dissolved in double distilled water and 
finally volume was made upto 100ml. 
5. Total hardness 
(i) Eriochrome black-T indicator 
0.5g dye was mixed With lOOg of 2,2,2 nitrilo triethanol. 
(ii) EDTA (O.OIM) 
3.723g EDTA dihydrate salt was dissolved in double 
distilled water and diluted to lOOOml. 
6. Chloride 
(i) Potassium chromate indicator solution 
50g K2Cr04 was dissolved in double distilled water and 
silver nitrate solution was added till a definite orange red 
VI 
precipitate appeared. After this, it was filtered and diluted to 
1000ml with double distilled water. 
(ii) Standard silver nitrate titrant (0.0141N) 
2.395g AgNOs was dissolved in double distilled water and 
diluted to 1000ml. 
7. Phosphate 
(i) Ammonium molybdate solution 
(a) 25.Og of ammonium molybdate was dissolved in 175ml of 
double distilled water (b) 280ml of concentrated H2SO4 was added 
to 400ml of double distilled water and cooled. The two solutions 
(a) and (b) were mixed and diluted to 1000ml. 
8. Sulphate 
(i) Conditioning reagent 
50ml glycerol mixed in a solution containing 30ml 
concentrated HCl + 300ml double distilled water + 100ml ethyl 
alcohol + 75gNaCl. 
9. Nitrate nitrogen 
(i) Brucine sulfanilic acid solution 
Igm of brucine sulphate and O.lg of sulfanilic acid were 
dissolved in 70ml of warm double distilled water. After addition 
of 3ml concentrated HCl, the volume was made upto 100ml. 
(ii) Sulphuric acid solution 
500ml concentrated H2SO4 was added to 125ml double 
distilled water and cooled, 
(iii) Sodium arsenite solution 
5.0g sodium arsenite was dissolved in double distilled water 
to make 1000ml. 
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(iv) Sodium chloride solution 
300g NaCl was dissolved in double distilled water to make 
1000ml of solution. 
10. Ammonia nitrogen 
(i) Standard sulphuric acid solution (0.02N) 
0.54ml of H2SO4 was added to double distilled water and the 
final volume was made upto 1000ml. 
(ii) Sodium hydroxide solution^Ny 
24g of NaOH was dissolved in sufficient distilled water and 
final volume was made upto 100ml. 
C. Reagents for N, P and K contents 
(i) Nessler's Reagent 
3.5g of potassium iodide was dissolved in 100ml of double 
distilled water in which 4% mercuric chloride solution was added 
with stirring until a slight red precipitate remained. Thereafter, 
120g of sodium hydroxide and 250ml of double distilled water 
were added. The volume was made upto 1000ml with double 
distilled water. The mixture was decanted and kept in an amber 
coloured bottle, 
(ii) Molybdic acid reagent (2.5%) 
1.25g of ammonium molybdate was dissolved in 175ml of 
double distilled water to which 75ml of ION sulphuric acid was 
added. 
(iii) Amino napthol sulphonib acid 
0.5g of l-amino-2-napthol-4-sulphonic acid was dissolved in 
195ml of 15% sodium bisulphite solution to which 5ml of 20% 
sodium sulphite solution was added. 
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D. Reagents for oil analyses 
(i) Hydrochloric acid (0.5N) HCI 
Hydrochloric acid (21.49ml) was mixed with 478.51ml of 
double distilled water to get 500ml of 0.5N HCI. 
(ii) Iodine monochloride solution 
Iodine (13g) was dissolved in a mixture of 300ml of carbon 
tetrachloride and 700ml of glacial acetic acid and the resulting 
solution was divided into solution A and B. To 20ml of solution A, 
15ml of potassium iodide solution and 100ml of double distilled 
water was added and titrated against O.IN sodium thiosulphate 
solution using starch solution as an indicator. Chlorine gas was 
passed through solution B until the amount of O.IN sodium 
thiosulphate solution required for the titration was not more than 
double of that needed in solution A. 
(iii) Phenolphthalein solution 
Phenolphthalein (lOg) was dissolved in 95% ethanol and the 
volume was made upto lOOOml. 
(iv) Potassium hydroxide (O.IN KOH) 
5.6g of KOH was dissolved in 95% ethanol and the volume 
was made upto lOOOml. 
(v) Potassium hydroxide (0.5N KOH) 
Potassium hydroxide (28g) was dissolved in 95% ethanol and 
the volume was made upto lOOOml. 
(vi) Potassium iodide solution (KI) 
Potassium iodide (150g) was dissolved in double distilled 
water and the volume was made upto lOOOml. 
(vii) Sodium thiosulphate solution (O.IN Na2S203) 
Sodium thiosulphate (24.8g) was dissolved in double 
distilled water and volume was made upto lOOOml. 
IX 
(viii) Solvent mixture 
Ethanol (95%) was mixed in diethyl ether in 1:1 ratio. This 
mixture of solvent was neutralized just before use with O.IN KOH 
solution in the presence of phenolphthalein solution as an 
indicator, 
(ix) Starch solution 
Soluble starch (Ig) was dissolved in 100ml of boiling double 
distilled water. 
